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PREFACE. 



IhJBiNO the last ten years great progress has been made in 
the knowledge of Portland Cement, and its use has in conse- 
quence been extended in a remarkable degree. Engineeriag 
works, more especially in the direction of docks and har- 
bours, have given an impetus to ito application, securing for 
it a position of unchallenged importance. This increasing 
appreciation of its valuable constructive properties has se- 
cured a more reliable quality, which the manufactareTS are 
now ambitious to maintain. Since 1868, ^en my book on 
the manofacture of Portland Cement was published, the 
prodnctioQ of Cement has more than doubled in the L(mdoa 
district alone. 

This gratiiying increase, and the accompanying prosperity 
of the Cement-maker, has not yet led to much improvement 
in the processes of mannfocture, so as to cheapen its cost or 
render it more acceptable to the consumer. In Germany a 
more healthy feeling prevails, and no efTort is wanting on 
the part of the manofaoturers of Portland Cement to extend 
the range of its osefolness by the adoption of the beet and 
latest improvements which technical skill can devise. In 
furtherance of this object the mutoal co-operation of makers 
and users is secured with such profitable results as a con- 
fiding interchange of ideas most command. The finrti fruit 
of such a combination has resulted in the establishment of 
uniform testing on a basis sound enough to secure accurate 
returns, controlled by the beat available scientific guidance. 
When by the process of evolation or some other force of 



3dbvGoOg[e 



" nataral development" sacli a positioD is reached in Eng- 
land, aU concerned will then be able to repoBe in a haven of 
comfort, sheltered from the Btonn of amateor experimenters 
and their bewildering creations. 

I have in the following pages, ^m the best available 
Bontces, discussed the qnestion of Portland Cement-making 
in its nnmetons and varied bearings. Its geological aspect 
has been freely noticed, with the object of removing the erro- 
neous impiessioD or belief that Portland Cement is only ob- 
tainable from a combination of chalk and river clays. The 
prominence given to that division of my argnmeot will, I 
hope, direct serioos attention to the easy production of 
Cement from sonrces hitherto regarded aa qnit« incapable 
of furnishing the necessary materials for its saccessful fabri' 
cation. The treatment of these more obdniate materiala 
naturally involves the use of machines difTering widely in 
character from the wash-mill of the " cbalk and clay " pro- 
cess. The machinery of reduction required for this purpose 
has therefore been noticed at some length, and the various 
machines and their characteristics reviewed and illostrated. 

I have discussed the question of Cement-burning in its 
purely scientific direction, and compared some of the more 
familiar methods, with an examination of the various kilns, 
and their leading features and character. 

Cement-testing, and the machines nsed for that pmpose, 
have been referred to at considerable length, but not, in my 
opinion, more fully than the importance of the subject 
requires. If the observations on, and review, of the Cement 
experiments should seem to some of my readers hypercritical, 
I would plead that being in a great measure responsible for 
the original adoption of the "Board of Works'" test, I am 
anxioos, if possible, to arrest its reaching a point where 
reason or common sense cannot follow. If this tendency of 
aiming at the ideal and impracticable continues unchecked. 
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the erentoal resalf will be a refusal to be controlled by ati 
ever resdess and changing syetem, tlie ultimate limita of 
which admit of do reasonable estimation. 

Although noticing generally some of the nnmeioiis appli- 
cations of Concrete, I have more particalarly referred to 
the latest outcome of this material in its useful adaptation 
to paring and sewering. The progress already and so speedily 
made in this direction, in which all are so intimately con- 
cerned, indicates that even now we are, still tar distant from 
the ultimate usefulness of which it is capable. In this work, 
which treats more directly of the Cement, on the quality of 
which so much of the excellence of Concrete depends, it is 
impossible to notice at great length the numerous purposes 
to which it is applied. However, I intend shortly to follow 
op the subject in a work specially devoted to the consideration 
of Gtmcrete construction in all its varied and interesting de- 
velopments. 

In a work of this character it would be mere affectation to 
pretend that its matter and details are altogether original. 
On the contrary, I am much indebted to many authorities 
for analyses and other information of the most valuable kind. 
When such extracts have been used I have, where it was 
necessary, acknowledged the source of their origin, not so 
much from the proper desire to record my indebtedness, as 
to add value to a work which, notwithstanding my earnest 
endeavours, cannot but iail to he regarded as imperfect in 
many of its parts. 

HENRY EEID. 

LoraoH, Octcber, 1S77. 
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EDDYSTONE LIGHTHOUSE. 



EXPLANATORY. 

Beoihtlt and some tune after tHa book had gone to press, Ur. 
Donglas at the meetiiig of the British Aaaooiation pahlicly 
diaoloeed the intention of the Trinity Board to dismantle the fomoos 
Eddystone Li^thonse. So startling a proposition has natorally 
created in the public mind a feding of sorprise, which has, how- 
ever, been somewhat allaTod by the statement that the &brio itself 
has not snocomhed to the elemental strife with which it has so 
long contended. The rooh on which it stands is no longer stable 
enongh to TiiaiTit»iTi its &nions companion, and that circnmstanoe, 
together with the increasing demands of commerce, necessitates a 
building of greater extent, capable of receiring the most improved 
danger-warning apparatns for the safe goidanee of oar own and 
other ships of any and OTery nationality. 

Having dedicated this book to the memory of the illnstrions 
engineer by whom this world-fiunous building was erected, we 
consider it proper to insert here an article &om the "Daily 
News " of the 33rd Angnst, which folly describes the nature and 
neoeedty of this step on the part of the Trinity Light Board. 

" ' After having been bnfieted by the storms of eighty years ' — 
snch are the words of an eathneiastio tribute to the work of a 
great engineer, which was then bnt eighty years in existence — 
'the Eddystone stands unmoved as the rock it is built on— a 
proud monument to its great author.' There is something signifi- 
cant in the words wbitdi declare the Eddystone Lighthouse to be 
nnmoved as the rook it was built on. The allnsion to John 
Smeaton and his great work appears in the first volume of the 
Transactions of the Listitudon of Oivil Engineers. The recmit 
proceedings of the Mechanical Science Departmrait of the British 
Association inform as thai the Lighthouse is to be taken down 
becauaectf thenndemuningof therockon whichit stands, It has 
thus proved itself unmoved as the rook; bnt when ttie rock is 
undermined, the Eddystone Lighthouse mnst snbmit to the 
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XVI EDDYBTONE LIOHTHOUSE. 

neoessitj of change. A paper was read to the Bection by Ur. 
J. N. Donglas, Engineer to the Trinity House, explaining the 
fitots whioh make it needful to take down Smeaton's lighthonse 
and erect a new one; and the president of the section, Mr. 
Edward Woods, expressed the conuuon regret and concern that 
' the gloi7 of Smeaton ' is abont to become one of the things of 
the pasi ' They bad all hoped and believed,' he said, ' that the 
Gddystone Lighthouse would endure thronghout all time;' but 
instead, it is only to be another illustration of the &ct that men do 
not build for ever. It was not in any spirit of extravagant rhetoric 
that Smeaton's lighthouse was called his glory. It was indeed one 
of the glories of English engineering science. Our neoessides, 
and with them our inventioos, have grown, and it seems that the 
elevation and the range of lights which Smeaton's tower allows, 
are not adequate either to the wants or to the scientific capabilities 
of oar time. When the new lighthonse is erected, a first-class 
fog-signal will, it seems, probably be introdnoed, fbr which the 
dimensions of Smeaton's tower are not adequate. Kr. Douglas 
expressed a hope that when the Eunons tower is taken down it may 
be put up again somewhere on the shore as a national monument. 
Certainly few buildings erected in England during many centuries 
could better deserve to be regarded as a national monument in the 
truest sense. Smeaton's work is a monument of English engineer- 
ing genius, invention, and success. The volume from which we 
have already quoted observes that buildings of the same kind as 
Smeaton's lighthouse have been erected since — and indeed our ideas 
of engineering have considerably expanded since even those words 
were written—' bnt it Bfaoold always be borne in mind who taught 
the first great lesson, and recorded tiie progressive steps vrith a 
modesty and simplicity that may well be held up as models.' The 
tribute to the modesty and simplicity of Smeaton's personal 
chaiaeter is well deserved. In dedicating his own aooount of the 
building of the li^tiiouse to George III., he obeervee : — ' I can 
with truth say t have ever been employed in works tendii^ to the 
immediate benefit of your Mqesty's subjects.' This was the 
simple truth. Little at his personal history is known, but enough 
is made public to show that he was unassamiDg and unselfish, and 
that he did his great work for good, and not for either &me or 
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EDDYBTONZ UOHTHOCSB. XVU 

" There used to be a aiarj popular among the ohiUien, who are 
elderl; men and women now, abont a gronp of young people aittiug 
round a fire and talking of their &Toiirite heroes. One admired 
Jnlins Cnsar ; another Alexander the Great ; another, of a leaa 
warlike apirit, Christopher Golimibas ; and bo on, nntil &e turn 
came to one little philoaopher, who declared that the; who liked 
might baTQ their conqnerora, bnt for him his hero was John 
Smeaton. Natnrallj the others of the little gronp bad never 
beard of John Smeaton, and donbUess mnch of the effect of the 
story wonid have been lost if the readers had not proved to be in a 
similar state of ignorance. Bnt the yonng philosopher went <xi to 
enlighten his bearers; told them of Jfdm Smeaton's great work, 
and what good it had done fbr mankind ; and, we need hardly say, 
snooeeded in the end in oonvindng all bis listeners that Smeaton's 
was a sncoees which properiy on^^t to throw into the shade the 
triiim|dis of heroes and kings. We are not concerned to discuss the 
value of the familiar motal pointed thus by the yonthfnl admirer 
of Smeaton ; bnt assuredly to those who hold that heroism is only 
to be tested by the amount of practical good it does, and is the 
first to do, the name of the builder of the Eddystone Lighthooae 
might aem as a very miitahle illostntion of their doctrine. It 
would not be ea^ to mentitm any great conqueror whose triumphs 
cost so many lives as the work of Smeaton may have saved. The 
Eddystone LigbUiouse which he built was not the first, nor even 
the second, which stood upon the rook that gave it a name. The 
first lighUiouse put there was that b^rin under Mr, Winstauley in 
1696, which was finished in three years, and lasted but four years 
more. A winter tempest in 1708 destroyed it, and its builder 
perished with it. A sec(md structure, which was formed of wood, 
fi>r the sake of lightness, was put np a few years after. Fire 
deetn^ed this in 1755 : and then the genius of Smeaton discovered 
the way by which a tower could be perched npon the rock which 
could bold its own against the winds and waves, and yet defy fire 
as well. Even Smeaton's own stmotuie was found afterwards to 
have too mnch woodwork abont it, and a great part of its con- 
struction had to be modified by him in consequence of an imperious 
hint frtoD (he unsparii^ master which had destroyed the second 
edifice. But the great thing that Smeaton bad done was to show 
bow a lighthouse oonld be bo constructed as to stand on a limely 

h 
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rook in the nidet <d fieroe mreB, and to hold its eieot position 
then while the fuions winds, breaking all oronnd, were shiTering 
the spars of ships and rending branches from trees that stood Eu 
inland on the shore, A li^thonse to be of any nae in saoh a 
plaoe mnst be tall and stately. It must stand unsheltered, so as to 
send its light streaming iar across the midnight sea. It must be 
endnring as the rock, and yet it most not present the rook's broad 
front. It mnst be at once slender and capacious. It must offer 
the least possible resistance to the storm, and jet he strong enough 
to stand up in any gala These are the Tarioru and sometimes 
seemingly incompatible properties needed for a lighthonse snoh as 
the Eddystone : and it is due to the genius and the courage of 
Bmeston that England first knew how to combine them with some- 
thing like a certainty of effioienDy and snooess. 

" &iieaton aooomplished other great works as well as the building 
<^ the lighthouse, bnt his fame will always rest on that great 
achierement. He was, as an engineer, somewhat cast in the mould 
from which George Stephenson oame forth. He was equal to any 
risk indeed, but he was essentially praotioal, and the snooeBS he 
looked to was that of really solid, valuable work. He did not 
oaro for merely brilliant enterprises. The romance of the pro- 
fession, that has proved so tempting and <rften so fatal to the 
genius of great engineers, had little ohann for him. He was 
deliberate and oantioas in all he did — that is, until he Uioroughly 
saw his way — and then he was bold enough for anyone. In 
engineering science as in war, there seem two great classes of 
leaders ; Uie brilliant and adrenturous, and the steady and safb : 
the Napcdecm and the Wellington. Smeaton, like Stephenson, 
belonged to the latter class. There is something of the wild and 
the poetic in the very idea of his lighthonse perched upon its rook 
in the midst of the stormy waters. It might stand as the emblem 
of daring and of defianoe. Bat it was the result of the most care- 
ful thonght and oantioas examination, and its builder scarcely took 
one step forward without haTing made the suooess of the movement 
oertain. Its enduranoe jostifled in every way the anticipation 
and the oonfidenoe of its author. It yields now, if it is to yield, 
only to the operation of causes which aSect in no manner his 
oalcnlationB. He established a principle which survives its 
portioalor application. He had a positive genius for his work. 
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BDDT8T0NE UaHTHOCBE. XIX 

Thoee who toll ns of his life, mj that when be vaa « otiild his toys 
were the tools of men. Like all maimer of poets, philoeophen, 
and artists he had Med hard to be a lawyer and &iled ; his mind 
refused to ' bite into' any craft bnt that for which hie very in&noj 
had indioated snob a capacity. His fiune was like hie work, solid 
and stannofa. A great writer haa compared men of a oertaia 
brilliant and enperficial claas to the ligbthonse, which he says, is 
ever high, fer-sbinii^ and empfy. Bnt it is only by the utmost 
stretch of metaphor that the lantern of the ligbthonse can be con- 
sidered as emp^, fnll as it is of the light that is the guidance and 
safety of nnending generations of royageTs. Assuredly no fame 
and no labours could be less fittingly illustrated by anything that 
symbalisee empttnees than thoee of Smeaton. His name was 
popular ereiywhere in England. Thonsanda of Englishmen who 
had never seen the Eddystone Lighthonse were in the habit of 
citing it SB a type of solidity, endnranoe, and anocess. The new 
building will no donbt be a great imptorement on the old one, fbr 
the builder will come to his task with the advantage of all that 
engineering science has added since Smeaton's day. Bnt whatever 
the stnictare that supplies the place of the ' Eddysbme,' it mi^t as 
well bear carved on it the name of Bmeaton ; for that name will 
always be associated with the B$ot and be preserved by the genius 
of the place." 
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SCIENCE AND ART 

or 

PORTLAND CEMENT. 



OHAPTEB L 



HIBTOBICAL AND INTBODVOTOBT. 
There caa be uo doubt that the experimentB of SmeatoD ia 
1757 lightened up the darknesa sonounding the subject of 
mortars, and their behavionr under Taried circumstacces. 
The necessity for a truly reliable mortar for the building 
of the Eddystone Lighthouse, capable of withstanding the 
influence of sea water, and poasesiting also the capacity of 
resisting the mechanical action of violent storms, was a 
problem of much difficulty, but which the illustrious engineer 
successfully solved. It is needless for us to recite the 
dangers snironnding the erection of a structure on the site of 
which the previous erections had been destroyed, and the 
successor of which still remains to testify, for more than a 
century, to the ability and foresight displayed in its con- 
ception and execution. Those who have read the story of 
that work during its preliminary stages, and the protracted 
and daogeroos process of construction, will readily under- 
stand the anxiety of the directing engineer, on whom 'the 
whole responsibility devolved. Our allusion to it will only 
have reference to the mortar experiments for the purpose of 
showing the careful investigation and thoughtfol reasoning 
displayed in the selection of the mortar, and as an example 
for others under similar circumstances to follow. There is 
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2 80IBHOE AKD ABI OF FOBTLASD CBKEHT. 

just aa much necesBit; now for the engineer to adopt the 
same precautions as then, although we fear that those now 
representing the engineering profession would regard such a 
process of examination heneath their consideration. It is 
just possible that many in this country may foil to appreciate 
the great value of those experiments, hut we are glad to find 
that elsewhere very recent testimony of a most laudatory 
character fully testifies to the value of Smeatoo's exertions. 
We avail ourselves of this opportunity of potting it on record. 

In a work on ' Hydraulic Mortars,' &c. (pablished at 
Leipsig in 1869, by Dr. Miohaelis), the following passage 
occurs: 

"A century has elapsed since the celebrated Smeaton 
completed the building of the Eddystone Lighthouse. Not 
only to sailors, but to the whole human race is this light- 
house a token of usefnl work, a light in a dark night. In a 
scientific point of view, it has illuminated the darkness of 
almost two thoosaud years. 

" The errors which descended to ua from the Romans, and 
which were even made by such ao excellent author as 
Belidor, were dispersed. 

" The Eddystone Lighthouse is the foundation upon which 
our knowledge of hydraulic mortars has been erected, and it 
is the chief pillar of modem architecture. Smeaton &eed us 
from the fetters of tradition by showing us that the purest 
and hardest limestone is not the best, at least for hydraulic 
purposes, and that the cause of hydraulicity must be sought 
for in the argillaceous admixture. 

" It was a long time before men of science confirmed this 
statement of the English engineer, or corrected the ideas on 
the hardening of hydraulic mortars, which were then 
necessarily confused on account of the imperfect state of 
chemistry ut that time. How could science subsequently 
keep pace with practical progress? for even at present, 
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though we have possessed for about half a centory the most 
excelleat hydraulic mortars, the hatdeoing process is not 
yet completely explained." 

Pasley also, in the preface to the first edition c^ his work, 
dated 17th September, 1838, says of Smeaton, in very similar 
language, as follows : 

" Of all the authors who have investigated the properties 
of calcareous mortars and cements, from time immemorial to 
the present day, onr countryman, Smeaton, appears to me to 
have the greatest merit ; for although he found ont no new 
cement himself he was the first who discorered, in or soon 
after the year 1758, that the real cause of the water-acting 
properties of limes and cements consisted in a combination 
of clay with the carbonate of lime ; in consequence of having 
ascertained by a very simple sort of chemical analysis that 
there was a proportion of the former ingredient in aU the 
natural limestones, which, on being calcined, developed that 
highly important qoality, without which walls exposed to 
water go to pieces, and those exposed to air and weather 
only are comparatively of inferior strength. By this memor- 
able discovery Smeaton overset the prejudices of more than 
two thousand years, adopted by all former writers, from 
Yitruviua in ancient Rome to Belidor in France and 
Semple in this country, who agreed in maintaining that the 
snperiority of lime consisted in the hardness and whiteness 
of the stone, the former of which may or may not be accom- 
panied by water-setting or powerful cementing properties, 
and the latter of which is absolutely incompatible with them> 
The new principle laid down by Smeaton, the truth of which 
has recently been admitted by the most enlightened chemists 
and engineers of Europe, was the basis of the attempts made 
by Dr. John, at Berlin, and by H. Yicat (the engineer) in 
France, to form an artificial water-lime or hydraulic lime, in 
1818, and of mine to form an artificial water-cement at 

B 2 
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Chatham, in 1826, to which I was led b; the persnal of 
Smeaton's observations, without knowing anything of the 
previous labours of these gentlemen on the Continent, or of 
Mr. Frost, the acknowledged imitator of M. Yicat, in this 
coantry." 

There can be no question of the indebtedness the science 
of water cements is nnder to Smeaton, and the above-quoted 
writers have nnheeitatingly acknowledged what is now 
nniversally regarded as Smeaton's well-deserved due. A 
more than perhaps necessary reference to this subject may 
tend to stimulate engineers and chemists to a still further 
examination of cements and their peculiarities, and may thna 
develop some new properties of which we are still ignorant. 
Silica and, in a minor degree, alumina, which now play only 
a Bobordinate part (as Cu aa volume is concerned) in con- 
nection with carbonate of lime, may be found to be capable 
of occupying a more important position in the fabrication of 
hydraulic mortars and cements. 

It is pleasing to find that the engineer and the lighthouse 
are so closely tdentiSed, and no one cares to recollect under 
what reign it was built. The name of the engineer and not 
that of the king descends to posterity, receiving the credit of 
his labours. Sostratus, the architect who built the famous 
tower of Pharos, near Alexandria, on the top of which a fire 
was kept burning to guide such ships as sailed at night in 
those dangerous coasts, resorted to a stratagem to hand down 
to posterity the fact of its being his handiwork The poten- 
tate (Ptolemy Fhiladelphns), under whose authority and 
command the tower was erected, had the usual inscription 
placed thereon, but it was very evanescent in character, 
being cut on a coating of lime, under which was carved in 
the marble the following dedication : 

" Bortratna, the Cnldias, loii of Dexiphaaea, to the protecting deiliee, tot 
the hm of Mafuing people." 
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A modem hiBtorian, however, did not appreciate this 
subterfuge, and thug remarks : 

"The lime soon mouldered away; and hj that means, 
instead of procuring the architect the honour with which be 
had flattered himself, served only to discover to future ages 
his mean fraud and ridiculous vanity," 

A long interval of time has elapsed between the building 
of the first lighthouse and that which is so intimately 
identified with Smeaton's name. 

It would be tedious to follow, in Smeaton's own words, the 
process by which he succeeded in eliminating from the then 
prevailing dogmatism the necessary data, even for a base or 
starting point on which to build his initiatory experiments. 
Up to this time varied proportions of lime and tarras were 
used in the preparation of mortars for engineering works in 
water. The practical masons of those days were of opinion 
that the harder the stone from which the lime was made, the 
better would it set or harden. It was also a common im- 
pression that if the mortar was made with sea water it would 
never harden in so great a degree as that made &om fresh 
water. Bmeaton'a own observation had informed him that 
where plastering in house building was done by using sea 
water such work never became thoroughly dry, and was 
influenced by atmospheric change in a most pr^udicial 
manner, llie same injurious action occurred when sea sand 
was nsed in the mortar. Corresponding influences are still 
at work under like conditions of improper construction. 
There was no fresh water on the Eddystone rock, and only a 
comparatively pure limestone on the mainland, so that he 
directed his attention to the experiments with limes obtained 
from a distance. But we had better, before proceeding 
farther, give his own description of the mode be adopted in 
preparing for the experiments. 
" I took as mnch of the ingredients as altogether would 
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oltimately form a ball of about two inchea in diameter. This 
ball, lying opon a plate till it was set and would not yield to 
the pressure of the fingera, was then pat into a flat pot filled 
with water, so as to be covered by the water; and what 
happened to the hall in this state was the criterion by which 
I jndged of the validity of the composition for oar purposes. 
The measnre I nsed was a common small chip box, taking as 
many measures from each ingredient as I meant to try. I 
constantly put down ihe lime npou the flat bottom of a 
common pewter plate, and with as much water as would 
sufficiently wet it, worked it upon the plate with a broad* 
pointed knife till it was become a tough, but a pretty soft 
pastes I afterwards added the quantity I intended of tairas 
or other gross matter gradually, working it after each 
addition till it was become tough ; and in this way adding 
the gross matter at three or four different times." 

These balls thus prepared were then immersed in water, 
and his first lot, two parts lime and one part tarras, set in 
water, although not to his satisfaction. He found at this 
stage the fallacy of the strongest lime being obtained from 
the hardest rock, such as the Pl3rmouth marUe, and also at 
this stage convinced himself that these proportions behaved 
equally well in salt water and fresh. This difficulty there- 
fore was overcome. 

Having seen in Wren's ' Parentalia ' that cockle or other 
shell lime had been usefully employed in the construction of 
St Paul's Cathedral, be tried it, and found that, without any 
admixture of tarras or sand it set hard and readily ; but on 
being put into water after it was set, gradually macerated and 
dissolved. He afterwards learned that this kind of lime 
had been used in a part of the work of Bamegate pier, 
and owing to its solnbility in sea water the masonry had to 
be pulled down. 

The Abertbaw lime, from Glamorganshire, with various 
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proportions of tarras, excelled in a great degree any of the 
other mixtures, and its behaviour under water was of the 
most satis&ctory character, besiden it continued to harden 
for moDthB. In the early stage of the experiments he had» ' 
white trying the hydraulic properties of plaster of Paris, 
decided that if the mortar used in the building of the light- 
bonse did not set fast enough be coald (and eTentoally did) 
point the external and other exposed joints with this quick- 
setting material, which, although it coald not long resist the 
action of the sea water, would do so sufficiently long to 
prevent any injurions action on the permanent or mortar 
joints. 

Analtftis of Aherthaw Littuiione by PhtUips. 

CaiboDBte of lime 86-3 

CUy 11-2 

W»ter,4o. 2-6 

100 

The difference in the hardening of the mortars made from 
the vaiions limestonea excited his curiosity, and he became 
anxioos to trace the cause. A friend instnicted him how to 
analyze the limestoneE^ and he thus describes the mode he 
adopted: 

" I took about the quantity of five pennyweights (or a 
guinea's weight) of the limestone to be tried, bruised to> a 
coarse powder ; upon which I poored common aqua fortis, 
but not so much at a time as to occasion the effervescence to 
overtop the glass vessel in which the limestone was put ; and 
added fresh aqua fortis after the effervescence of the former 
qosDtity bad ceased, till no further ebullition appeared by 
any addition of the acid. This done, and the whole being 
left to settle, the liquor will generally acquire a tinge of 
some transparent colour ; and if from the solution little or no 
sediment drops, it may be accounted s pure limestone (which 
is generally the case with white chalks and several others), as 
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c(mtaiiiing no nncalcareons matter ; bat if Irom the Bolntion 
a quantity of matter is deposited in the form of mnd, this 
indicates a quantity of aocalcareoos matter in its composi- 
tion. When this is well settled pour off the water, and 
repeatedly add water in the same way, stirring it and letting 
it settle till it becomes tasteless. After this let the mad be 
well stirred into the water, and, without giving it time to settle, 
pour off the muddy water into another vessel ; and if there 
is any sand or gritty matter left behind (as will frequently 
be the case) this collected by itself will ascertain the quantity 
and species of fabulous matter that entered into the texture 
of the limestone. Letting now the mnddy liquor settle, and 
pouring off the water till no more can be got without an 
admixture of mud, leave the rest to dry ; which, when it 
comes to the consistence of clay, or paste, make it into a ball 
and dry it for further examination." 

The modem chemist would take a more accurate method 
to ascertain the analysis of limestone, but the simplicity of 
Smeaton's operation commends itself as a ready means of 
obtaining an approximate test of unknown limestones, and 
might even now be profitably performed in the preliminary 
examination of new and untried districts. 

gmeaton proceeds to give the results obtained &om his 
t^emical tests, and found chalk and Plymouth marble (as he 
terms it) were completely dissolved in the acid. Aberthaw 
limestone, however, resulted in a small deposit of sandy 
matter, some of which was crystalline in character, and the 
whole of a dirty appearance. The muddy retiduum was 
tough aod tenacious, resembling blue clay, which, when 
made into a ball and burnt, became reddish in colour, 
equalling a brick in hardness. The total sediment weighed 
nearly one-eighth of the whole. The Bridstow stone (obtained 
in Devonshire, about thirty-five miles from Plymouth) when 
similarly treated gave nearly the same results. 
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Having thus discovered the cause of tiydraulicity in 
certain limeetoneB, he was satisfied, and accordingly de- 
tensined to adopt the Aberthaw lime in conjunction with 
tarrae, but he paused, haTing heard that this material in 
combination with lime threw oat, when constantly under 
water, concrescences resembling the stalactites found in the 
cavesofthecarboDiferonslimestoneformatioD. Areferenceto 
Bender's ' Hydraulic Architecture ' informed him that Terra 
Pmzolana found in Italy near Oivita Veochia, made a good 
water cement Fortunately he found at Pt3rmoath a con- 
dderable quantity of this material, which a merchant had 
imported on speculation, expecting to sell it to the con- 
stmctora of old Westminster Bridge. Bnt neither com- 
missioners, engineers, nor contractors would tronble them- 
selres even to try it, so the venture turned out a bad one for 
the importing merchant, bnt a lucky thing for Smeaton. 
His experiments proved it superior to tarras, and in the end 
he says, "With respect to these balls that were constantly 
kept nnder wat«r, they did not seem inclined to nndergo 
any change in form, only to acquire hardness gradually, 
insomnch that I did not doubt bnt to make a cement 
that would equal the best merehaaUAle Portland ttone in 
solidity and durability." 

It is worthy to note this distinction made by Smeaton. 
He says taerehanitAU Portland stone, implying therefore that 
all the products of the quarries were not suitable for building 
porposes. Wren was equally fastidions, and only accepted 
anch stones for his buildings as could be laid on their 
natural beds. Until recently some of these rejected stones 
were still to be seen at the quarries. 

We hare already shown that there can be no question, 
from Smeaton's own words, that the method he adopted in 
carrying out his experiments indicated in the clearest 
manner how it was possible even to convert a limestone into 
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an hydraolic mortar, and alao to ascertsio beyond qiiestion 
the canse of ancli hydiaiUicity. All from the time of 
VitrnTiuB had blnndered in the dark, working out the old 
dogmatic form of mixtures witbont the least knowledge of 
the action from which thej derived their hydraolic properties. 
The resemblance to the Portland atone, and hence the origin 
of the name of Portland cement, is clearly alao due to 
Smeaton. 

The chemical analyses of the two materials, " Tarraa ** and 
" Pnzzolana." No. 1, Trass, by Berthier, and No. 2, Pnzzo- 
lana, from Pit St Paul, near Borne, by the same authority. 



Silica .. 
Almnina 
Oxide of ii 

Magnesia 
Polaah 
Sods .. 
Water .. 



1, 


9. 


57-0 


44-5 


16-0 




9-0 


12 


2'6 


8-8 


1-0 






1-4 


1-0 


41 


»'0 


9-2 



A great sinularity in the ralne of these two materials is 
apparent, and the preference given by Smeaton to the 
pnzzolana may be due, in a great measure, to its physical 
condition or superiority to the trass. 

But this painataking and perseyering engineer had not 
yet completed his inveBtigationa, for although he was con- 
vinced that, for the purposea of mortars, the combination of 
the volcanic product with the Abertbaw lime was a success, 
he had still to teat their capaci^ for being osed in a semi- 
liquid state. We will again follow his own description of 
this experiment : 

" My reader will perceive from the nature of the bcmd 
that I proposed in my work that one-half of each pece of 
stone, being lodged in a dovetailed recess, wherein it was 
locked fast on three sides, there was no way to get them 
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into their places bnt by letting them down perpendicolarly : 
in coneeqaence of this, mortar beat up and prepared in a 
manner similar to what has been specified, could only be 
applied to the gromid joint, or wuUr bed of each stone : the 
upright or side joints (sopposing the work to be close pat 
together) could not be lined with any qnantity capable of 
filling the whole joint ; for if that was attempted, the stone, 
in being lowertd into its place, would carry down the mortar 
npon the sides along with it ; leaving ao little as not to make 
these joints solid and fnll." 

In carrying ont the experiment to proye the valne of a 
thin gront he pat a portion of the prepared mortar into a 
couple of quart pots (one being filled with beaten mortar), 
and added water enough to render them so fluid as to enable 
the mixture to be poured into a mould. They were allowed 
to stand for a month, and, on the pots being broken, the 
mixtures were found to be of a etoay hardneBS. It was shown 
that the grout made of the beaten mortar was the best. 
The experiment was saccessfdl, and he says : 

" I had therefore no doubt of being able to miite the 
whole of the materials of my building into one solid meua of 
etone." 

At this stage of the experiments, Tjord Macclesfield, Presi- 
dent of the Boyal Society, in a letter to Smeaton, dated 
London, 14th April, 1757, described what he calls "ash- 
mortar," and which the bricklayers using it regarded as 
more valuable for wet and dry work than tarras mortar. It 
was prepared as follows : 

" Take of lime that is very freA two bushels, and of wood 
ashes three bushels. Lay the ashes in h round trench, and 
the lime in the middle of the trench ; then slake tlie lime 
and mix it well with the ashes. Let it lie there till it is 
cold, and then beat it well together, and so beat it for three 
or four times before it is used." 
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On going to Watcbet, in SomersetsMre, he found that tlio 
lias Btone from which lime was made there was the same 
kiud of Btone as that from Aberthaw. During his travels in 
this neighboorhood he was surprised to find only one small 
limekilo at work, and on inqniry found that this lime was 
unsuitable for agricultnral purposes, and a farmer told him 
that they brought the lime which the land required from 
St. Vincent, near Bristol, a distance of forty miles. If this 
lime of the locality (however finely ground) was laid on the 
land, t^e first shower of rain would turn it into stone. His 
observations led him further to investigate the various kinds 
of limestoaes in different parts of England, among others : 

1. Claooh lime, from Lewea, Biusex. 

2. Gre; chalk lime, from Dorking, Bnrre]'. 

3. Lyas time, from Long BenningtoQ, Liiuxdnihire. 

4. AbertbKir lime, Olftmorgatuhirs. 

5. Chftlk lime, Guildford. Sarrey. 

6. Barrow lime, Leiceatersliiie. 

7. SottoQ lime, Laneaahire. 

8. Watchet lime, Bomeraetsbire. 

9. BerrytoD lime^ neu Petersfleld, HaiiU. 

In experimenting on the stone from which these limes 
were obtained be found the muddy deposits, after their 
having been treated with acid, to be as follows : 



TtTtTSTSTl'nftfSTt 

It wilt be profitable for as here to consider the ezami- 
nation made by Smeaton of the effects produced by a com- 
bination of plaster of Paris with the mortars. The author is 
the more anxious to call attention to this point, and in doing 
so bring to his assistance so eminent and reliable an autho- 
rity to endeavour to check the tendency to adopt such com- 
binations as novel and useful inventions. Under fresh names 
many mixtures are sometimes forced into the market, and 
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their adoption secured before it ie discovered with what 
danger and risk their ase is attended. Smeaton sajs : 

" Particularly several mixtaree of lime with plaster ; and 
althongh I am aware that the plasterers nse some compo- 
sition of this kind with advantage in their works, yet, when 
subjected to the test for waterworks, that I had established 
for the conduct of my own experiments, I fonnd nothing 
useful in all the mixtares of lime with plaster, nor even of 
tanas and puzzolana with plaster ; as the result was that 
they rendered the plaster te«8 speedy in setting, and the 
plaster rendered the compound, that would have resulted 
from the other ingredients, less firm and more crambly." 

Sir C. W. Pasley is the next prominent experimenter 
with whose proceedings we shall continue this historioal 
glimpse. 

The high position this gentleman occupied as a distin- 
guished ofiBcer of fioyal Engineers, and his association with 
all the important ecieotific bodies of his time, enabled him 
to command resources of information and facilities for expe- 
riment which no other individnal less favoured could have 
secured. 

On the threshold of hia investigations he ascribes to 
Smeaton (as we have already shown) the credit of being the 
first to point out what characteristics in a limestone indi- 
cated its claim to hydranlicity, and his ambition was to 
produce an artificial water-cement fnmi the lines laid down 
by his eminent predecessor. 

Hia experiments began in the year 1826, by command (tf 
the Duke of Wellington, then Abster-General of the Ord- 
nance, for the purpose of directing attention to the subject of 
mortars as a branch of study for the corps of the officers of 
the Boyal Engineers. The first series of these experiments 
were not satis&ctory, owing to his having selected a brick 
loam to mix with the chalk, and it was not until 1828 that, 
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bj a happy accident,* he osad the Uedway blue clay. Id 
1830 he considered that the cement he produced was sape- 
rior in quality to the Boman cement, and indeed its sno- 
cesefnl application foi cimetractiTe porposee confirmed his 
rardict. Before and dnring his initiatory experiments 
otheis had produced equally good cements from analogoos 
materials, and Mr. Frost bad actually started a cement 
factory at Greenbitbe, in Kent. We can easily understand 
the amount of secrecy which would be displayed at the 
Chatham Dockyard (where Fasley's experiments were con- 
ducted), and also the nulikelihood of much information 
being given from the factory at Greenhithe. Under such cir^ 
oumstances it was not likely that the labours of either could 
obtain much publicity, more especially when we consider the 
absence at that time of public interest in tbe question. 

In these experiments he had the advantage of the labours 
of bis predecessors in the line of examination he had entered 
upon, and, indeed, before they were begun Aspdin liad 
obtained his patent for the manufJEtctnre of Portland cement. 
In the specification of the first patent he is described as 
Joseph Aspdin, of liceds, in the county of York, bricklayer. 

The specification, dated 15tb December, 1824, is aa 
follows : 

" My method of making a cement or artificial stone for 
stuccoing buildings, waterworks, cisterns, or any other pmv 

* In 1S26, mj friend uid brothet officer, Major Beid, luviug Dome to 
iwide at Chatiuun foi t, few moutfaa, chiefly fiom the intenst he took in (ha 
•ichiteotural oonne tlieii in piogreea, reqaeeted me to show liim not oolf the 
mode I had adopted of testing the natorol oement and limeatonee, which bad 
pioved perfeotlj aatlafaclorj, bat also in wliat manner I had attempted to 
form an artificial oement I was at first relactant to repeat any at tbeee 
experimeiits, which I told him could only lead to oertain failore, but on hia 
eipreeeing a atcong wish to see tliem notwiUutaoding, I oomplied with his 
reqoeat ; and as my stock of Darland brick-loam was at this time expended, 
sod that place was nearly two miles distant, a diffoent day waa nsed in liea 
of it, whiofa, to our mutoal sorpriM and aatisEMtion, formed an exoellent 
arti&ual water«ament. 
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poee to which it may be applicable (and which I call Fort- 
land Cement), is as follows : — I take a specific quantity of 
limestone, such as that generally itsed for making or re- 
painng roads, and I take it from the roads after it is reduced 
to a puddle or powder; bat if I cannot procure a Bufficient 
quantity of the above from the roads I obtain the limestone 
itself and I cause the puddle or powder, or the limestone, as 
the case may be, to be calcined. I then take a specific 
quantity of ugillaceoua earth or clay, and mix them with 
water to a state approaching impalpability, either by manual 
labour or machinery. After this proceeding I put the abore 
mixture into a slip pan for evaporation, either by the heat of 
the sun, or by submitting it to the action of fire or steam 
ooDTeyed in fluee or pipes under or near the pan, till the 
water is entirely evaporated. Then I break the said mixture 
into suitable lumps, and calcine them in a furnace similar to 
a limekiln tUl the carbonic acid is entirely expelled. The 
mixture so calcined is to be ground, beat, or rolled to a fine 
powder, and is then in a fit state for making cement or 
artificial 6tOD& This powder is to be mixed with a sufBcient 
quantity of water to bring it into the consistency of mortar, 
and thus applied to the purposes wanted." 

Kotwithstanding the existence of this patent, Fasley never 
alludee to it or Aj^tdin during the whole period of bis expe- 
riments. The original process of Aspdin was what we now 
designate as the " donble-kilncd " treatment, and with the 
hard limestones, or their muddy results from the mac- 
adamized roads, it was even then considered that a fine 
condition for admixture with the cla^ was necessary. The 
word " impalpability " is made use of in the specification. 
This process is, however, abandoned, as modem machinery 
effects almost as perfect a reduction of even the hardest 
materials aa is necessary for their perfect amalgamation 
with the silica and alumina ingredients. 
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In 1810, Edgar Dobbs, of Southwark, obtained a patent, 
dated Aogust 2, wbich he describes thns : 

" The principle of my LnveDtion consists 

" let. In making, with the aid of water, a saitable mixture 
of lime, or its carbonates, with either or seTcral of the 
following substances, namely clay, loam, mud, slate, road- 
dust, earth, ochre, cheap metallic osyd, ores, pyrites, blend, 
sand, stones, ashes, and all earthy materials (with the ex- 
ception of lime and ite carbonic-acid salts as above) which 
can be reduced to powder, and which do not vitrify at the 
heat to which they are sabaequently exposed. 

" 2Dd. In expelling the superfluous water 

" 3rd. In burning the mixture when hard ; and 

" 4th. In reducing it to powder. 

" This powder forms a composition suitable for bydraalio 
mortar, mortar, stucco, and plaster. 

" By carbonate of lime I mean chalk, common limestone, 
marble, oysters and other shells, earth and earthy materials 
which slake or fall to pieces after burning, either from expo- 
sure to the air or from being brought into contact with water. 

"By ashes I mean the natural remains of coals or of 
vegetables. 

** The process is as follows : 

« I bring the caustic lime, or carbonate of lime, to a state 
of fine powder, the former by slaking, the latter by grinding 
in the same way as chalk, white-lead or flint, or any other 
equally suitable way, till the particles are so fine that they 
remain suspended in water, and con be drained off from the 
coarser particles, which have subsided (and which are ground 
again) ; the product is then about as fine as precipitated 
chalk. I then reduce the other substances, which are to be 
mixed with the caustic Ume, or carbonate of lime, to an 
equally fine powder. The hard substances are powdered 
with or without water, and the £ne particles removed as 
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above by water ; if, however, the aiibstancee chosen are too 
soft to require pulveriziDg,.they are simply comminuted by 
water, with which they are ^tated till it acquires the cou- 
sistence of a thin paste. I then take a certain quantity of 
the washed caustic, or carbonate of lime, as the required 
mixture necessitates, and also of the other washed substance 
or substances, uid mix them well in any suitable vessel. Or 
the substances are ground or mixed together in their natural 
state till they become homogeneous and plastic. The mixed 
substances are then allowed to rest, the clear water is drained 
off, and the remnant dried either by artificial warmth or by 
exposure to the air, tiU the mass is stiff enough to be cut or 
moulded into pieces before burning. 

" The burning can be accomplished in a common limekiln 
or oven, or even without such an apparatus : but it should 
be remarked that the intensity and duration of the burning 
must suffice to consume the combustible parts of the fuel, if 
contained in the mixture, and to expel the carbonic acid 
&om the lime without vitrifying any of the substances. The 
burnt fragments are then reduced to powder, either by hori- 
zontal miUstooes, or by any other arrangement for pul- 
verizing dry substances. The composition is then fit for use," 

He then goes on to describe the various uses, in com- 
bination with sands, &c., for which this lime or cement is 
applicable. 

It is evident that this patentee had a good knowledge of the 
subject, but he was also a&aid of reaching the vitrifying point. 

We should here, in justice to Ticat, the eminent French 
engineer, and those who were doubtless inspired by his 
experiments, refer to a patent granted to Maorice St, L^r, 
of Camberwell, in May 1818, the Bpecificatiou of which is as 
follows : 

" I take chalk, stone, or any other substance from which 
lime- can be obtained, which I pulverize, to which I add 
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common clay or any otber subBtance coBtaining alutnine and 
silez, which 1 iocrease or diminish according to the required 
strength of the lime. I mix them together, and add water 
to them ontil they become a paste of the consistence of 
common mortar. I then make the said past« or substance 
into lamps. These lamps, after being thoroughly dried by 
natnral or artificial heat, I put into a kiln, and expose to the 
action of fire in the usual way of making lime. The degree 
of heat must depend on the size and quality of the lumps, 
but I find the lumps have been sufficiently exposed to the 
fire when they can be broken by the hands. Instead of 
chalk, atone or such other substances as are above mentioned, 
ordinary lime, slaked oi polverized, may be substituted ; but 
in that case the compouud does not require to be so much 
exposed to the action of the fire. The quantity of clay, or 
other substance containing alnmine and silex, to be added 
to the chalk or such other Hubstanco as aforesaid, or to the 
lime slaked and pulverized, must depend as well upon the 
quality of the chalk, stone, or other anbataQCe, or lime, as 
upon the quality of the clay or other substance containing 
alumine and silez. But I find in general that from one to 
two and twenty measures or giren quantities of clay, or other 
substance containing alumine and silez, to every one hundred 
measures or given quantities of chalk, stone, or other sub- 
stance, or of lime as above mentioned, is the proper quantity 
or proportion." 

All experiments up to this period apparently umed only 
at the obtainment of a resolting product from the kiln which 
shoold in its leading characteristics approach the quality of 
lime freshly bomt. Instead of driving the mixture to the 
point of vitrifaotion, all the operations were so conducted as 
to studiously avoid such a result ; and when by accident this 
occurred, the pieces so hardened were carefolly rejected as 
worthless. 
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There were many other patents obtained at and about this 
time, but they possess no interest and contain bot little 
information to warrant any particular reference to them. 
While all these patentees and other experimenters in Eng- 
land, France, and Germany were simply seeking, and indeed 
were apparently satisfied with an artificial hydraulic lime, 
Aspdin went beyond, and gave the grand finish to the whole 
by his discovery of the increased temperature of the kiln, 
and consequent high specific gravity of the cement, now no 
bnger regarded as a simple hydraulic lima 

We are not to suppose that all these various efforts, even 
including Frost's and Aspdin's, were attended with im- 
mediately beneficial results to those who bad given so much 
time to the qaestion, besides the great cost of their experi- 
ments. Frost, who was the first to establish works for 
making artificial cement in 1825, at Swanscombe, in Kent, 
encountered many difficulties, and for some time after he 
disposed of these works to Messrs. White, the artificial 
cement &iled to obtain a satis&ctory reputation. Pasley 
considered the proportions then used at these works were 
inaccurate ; at aU'events until 1833 the artificial cement was 
selling at one shilling a bushel, imd the natural or Boman 
cement at ei^teenpenca Some years later a son of 
Aspdin conunenoed to make Portland cement at Northfieet, 
in Kent, and the quality became more reliable, and since then 
a continuous demand at home and abroad has led to an im- 
provement in the quality. The profits attending the mana- 
factnre of Boman cement were very considerable, and those 
interested in that trade were naturally opposed to the success 
of any new cement, however excellent its quality. 

Pasley continaed his experiments, and tried many kinds 
of mixtures, bat found the most favourable for securing a 
good water cement to be the alluvial clay of the Medway. 
This clay, however, he discovered to be unsuitable if allowed 
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to remain exposed to the air for any^ length of time, a fact 
now anirersally acknowledged by Portland cement makers. 
He also proved that the proportiona when mixed and 
prepared in small balls one inch in diameter for calcination, 
if allowed to remain for twenty-four hours in the air were 
deteriorated, and if continned to be eo exposed for forty-eight 
hours woold be worthless, whereas balls 2^ inches in diameter 
were not so prejudicially affected. These are results which 
experienced cement makers are familiar with in the most 
modem preparations. We need not follow the experimeute 
with pit clays, slate, fullers' earth, and other ingredients, 
for they developed no new feature, and resulted in no 
practical advantage. His experiments with hard limestones 
wa« not satisfactory, bat, on the contrary, he regarded their 
treatment for conversion into water cements as a waste of 
labour, and says, " Good water limes are too common in thia 
country to render it worth while to make artificial ones, and 
too valuable to be used as an ingredient for artificial water- 
cement." 

The succeeding experiments with chalk and alluvial clay 
burned in an ordinary limekiln with Kewcastle coal pro- 
duced a weak artificial cement, but one able to hold its own 
in competition with the then only known water cement (the 
Roman cement made from the septaria of the London clay). 
Pasley did not imagine that the preparation required push- 
ing by a higher temperature to the point approaching vitriJac- 
tion, or he would have obtained results of a more satisfactory 
character, for instead of appreciating those pieces which 
were slightly clinkered by the action of the lime of the 
kiln, he rejected them as nnsnitable and devoid of any 
cementitious value. 

The danger of over-burning the Boman cement was 
doubtless present to his mind, for any of the over-bnmt 
septaria was useless. The required heat was just enough to 
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reduce the weight of the stone to a mioimam, and if the 
temperature of the kiln exceeded what produced that resnlt 
the product was unmarketable. Boman cement was best 
when of the loweat specific gravity. 

His mode of testing appears to as as being clumsy and 
deceptiTS. It was simply cementing bricks t(^ther and 
exerting a tensile strain until rupture occurred. 

It is evident in all Fasley's experiments that he was 
deairoos of obtaining reliable results of an unvarying 
character, and his disappointments were many, owing 
doubtless to the want of chemical knowledge or its careful 
application. The task he undertook was to build up from 
English materials a water cemeot bo as to equal that of 
Smeaton's Eddystone in quality, fie all but succeeded 
in doing so, and probably if the duties of his position had 
permitted him to devote more personal attention to the 
experiments, the resnlt would have been more satisfactory ; 
bnt they were spread over too long a period, and were some- 
what spasmodic in character. Smeatou, on the other hand, 
having an immediate and important object In view, ceased 
not in his endeavours until he had removed from his mind 
aU doubts on the subject of water cements and their qualities. 
It is true he was assisted iu his researches by the fortuitous 
circumstance of the Italian puzzolana, but it was only his 
euei^ and perseverance that obtained from this lucky 
chance the most advantageous results. The Aberthaw lime 
in itself could have accomplished all he desired, for he had 
unlocked the mystery of hydranlicity, and felt confident in 
the knowledge of its cause. While the military engineer 
only piled np innumerable disconnected and comparatively 
useless experiments (from a practical point of view), the civil 
engineer concentrated his energies and carried his results to 
a successful end : the one under Government auspices, and 
the other directed by private enterprise for the accomplish- 
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ment of a great work of human benevolence and aniTersal 
importance. The Eddystone Lighthouse etUI stands to 
t«6tiff to the great ability of its constructor, and should be 
regarded by both makers and consumers of Portland cement 
as a beacon to light them in the way to its true and honest 
nee. 

The Portland cement manufacture languished for many 
years, and indeed in this country at least it ran the risk of 
being utterly extinguished owing in a great measure to the 
hold Boman cement had obtained of the constructiTe pro- 
fession. This long-established riTal, however, gradually 
succumbed to the merits of the new product, and the impetus 
given to its use by the London Drainage Works in 1859 
settled the question of its superiority, and it may safely be 
asserted that the quality now obtainable is 100 per cent, 
better than that made before that time. 

Some yeais after Smeaton's experiments, but before the 
publication of his great work, ' The Narrative of the Eddy- 
stone Lighthouse,' in 1791, Dr. Higgins published in 
1780 his ' Experiments and Observations on Calcareous 
Cements.' He was previously prepared for the task he had 
undertaken by the information acquired from the writings 
' of the celebrate Dr. Black (the discoverer of carbonic 
acid gas), and in the following words acknowledges that 
indebtedness : 

" 1 bad already learned from the chaste and philosophic 
productions of Dr. Black that calcareous stones which bum 
to lime contain a considerable quantity of the elastic fluid 
called fixable air or acidolons gas, which ia combination with 
the earthy matter forms a great part of the mass and weight 
of these stones ; and that the difference between limestone 
or chalk and lime consists chiefly in the retention or ex- 
pulsion of that matter." 

Dr. Higgins first entered on his experiments to ascertain 
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at what temperature the carbonic acid gas could be expelled, 
and the time each expulsion occupied. They were laboratory 
tests, and are chiefly remarkable for the care with which ' 
they were conducted, and the sensible cooclusions arrived at 
by the experimenter. He obtained " letters patent " for his 
invention of a water cement or stucco made from prescribed 
admixtures of sand, rubble, lime, and bone ashea, and it 
would appear at that time this cement was reoeiyed with 
mnch &Tour, and used by architectB and builders of emi- 
nence. The process of preparation, however, must have been 
tedions and expensive, and could not withstand the com- 
petition and rivalry of Parker's cement, for which the patent 
was granted in June 1793. It is just possible that if Dr. 
Hi^ns had been an engineer and required cement for his 
own work, he would have found out what had been done by 
Smeaton, and directed his attention to the addition of clay to 
the chalks or their limes instead of the fabrication of a com- 
pound mortar of doubtfol value. Hitherto it had been well 
known from the writings of Yitruvius that the Romans used 
fat limes in combination with variouB volcanic products, and 
the accident of research after good mortars for the Eddy- 
stone structure disclosed the existence of hydraulic limes. 
At this time the limited use of mortars conduced to the 
subject remaining in a state of comparative darkness, but the 
increasing wealth resulting from industrial pursuits gave an 
impetus which necessitated the constmction of great engi- 
neering works. 

I, Ancient and extinct civilizations had successfully used 
cements and mortars, as the existing remains of their engi- 
neering and architectural works fully testify. These remains 
of a varied and interesting character even now show ns how 
much of their stability and permanence is due to the quality 
of the cementing agent by which the building materials 
were put together. Much admiration has been expressed on 
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the cbaracter and quality of ancient gtructnres, and pozzling 
goesses as to the mode and manner of the preparation of the 
mortars. Lime mortar as a binding material was need by 
the Phcenicians in the island of Cyprus, aa shown by the 
temple rains of Lanarca. The Egyptians in the Nile Yalley 
are supposed to have made use of the rirer mud and burnt 
gypsum as a mortar in building the Pyramids. The 
Assyrians had recourse to asphalte as their cementing agent 
in the conatmction of Babylon and Nineyeh. The aephalte 
of the Dead Sea was well known to the ancients. It was 
also obtained in pits and springs near the rivera Euphrates 
and Tigris. 

Even with Bach ancient testimony it is difScolt to say 
when and where the first mortars were used. The term or 
name " mortar " is of Roman derivation, from the fact of 
these tfaoroaghly practical people using a " mortanum " to 
secure the perfect homogeneity of the binding material. The 
name therefore should now be regarded in a generic sense, 
and alike applicable to all preparations used in binding 
together in stmctaral form stones, bricks, or other building 
materials. 

While referring to these examples of ancient cementing 
agents, we are tempted to contrast the position of the modem 
Portland cement, which penetrates to every accessible quarter 
of the globe where engineering science demands its aid. 
From BuBsia to India in the old world to the North and 
South Americas of the new, "English Portland cement" is 
an article of oniversal currency, and almost becoming one of 
necessity. The port of Ixindon attracting the commerce of 
the world to its docks and river, naturally assisted in the 
establishment of a belief that Portland cement was in- 
digenous to its neighbourhood, and could only be produced 
by a combination of the chalks and clays foaud on the banks 
and shores of the river Thames and its affluent the Medway. 
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In France and Germany, however, large worka have been for 
a long time in exietence, and it may be said that London, 
Boulogne, and Stettin reepectively represent the chief centres 
of this indnstry in these three coontries. 

From the preceding remarks it most be obvions that a 
difScolty occora in attributing to any one of the numerous 
experimenters the credit of inventing Portland cement. We 
find differences, however, in the value of the assistance 
rendered at the various stages of progress, and Aspdin, 
althoQgh the least distinguished of all of them, persevered 
in bringing to our knowledge the importance and, indeed, 
necessity of a high temperature in the kiln. His sole aim 
was to render his supposed invention profitable, and he 
ultimately paved the way for a more extended system of 
manu&ctnre by others in more favoured localities than that 
wherein he fixed his own isolated works. We have in this 
circumstance and its results ample evidence of the necessity 
of adapting any novelty to the wants of the public if it 
is wished to become ultimately a profitable commercial 



Having said this much of the introductory or historical 
featoies of our subject, we wUl now shortly state what Fort- 
land cement really is, for in the somewhat, and perhaps 
necessarily, confused accounts of its beginning this has been 
overlooked. 

Portland cement is a chemical product obtained by a 
preliminary mechanical combination of carbonate of lime 
with silica and alumina, which, after passing through the 
sncceeding chemical stage of manufacture may be described 
as a double silicate of lime and alumina. The name given 
to it by Aspdin has tended to some confusion of ideas about 
its source and origin, many supposing it was the product of 
converted oolitic limestone from the island of Portland, in 
Doisetshire. A close resemblance, when of an unexceptional 
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quality, in colour and texture to the celebrated Fortlaod 
building stone faToora this belief This cement is simply 
an improved hydraulic lime. 

The term hydraulic is borrowed ^m the French 
engineers, who used it to distingnisb the limes capable of 
setting nnder water from the common limes devoid of that 
property. It is synonymous with the term " water," which 
English engineers formerly applied to all limes used in the 
coDstraction of sub-aqueous masonry. This distinctive term 
" hydraulic " is now generally given by European engineers to 
all cements or limes possessed of that property, whether 
artificial or natural. 

Vicat was the first, probably taking the idea from Smeaton, 
to experiment on the possibility of rendering the rich (com- 
mon) limes hydraulic by mixing with them (both in their 
carbonate and hydrate state) various proportions of different 
kinds of clays. When these experiments (probably the 
earliest reliable ones that were guided by chemical reason- 
ing) were first initiated, considerable doubt existed as to the 
true source from which the faculty of hydraulicity was 
derived; some authorities maintaining that this, valuable 
property was due to the oxide of manganese, and others 
attributing this efiiBct to the existence of the oxide of iron. 
After a great deal of controversy, however, it is now finally 
conceded that silica and alumina, but especially silica, 
imparts to rich limes the desired quality of hydraulicity; 
the presence of the (»udes of iron or manganese within 
certain limits being purely negative in character, so that in 
its simple and clearly defined position of an improved 
artificial cement the merits of this material should be easily 
onderatood. 

There is still a good deal of mystery imported into its 
manufacture, damaging to those who persist in its continu- 
ance. The author, while paying a recent visit to the parent 
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or orig;iB&l manniaotory at Wakefield, experienced the still 
existing tendency to enshiond the prooees of manufacture 
with an air of ignorant esclnsiTenesB. 

The most valnable property perhaps which a pare Portland 
cement possesses is that of being iavariahly uniform in 
quality. Snch a result is, however, only attainable under 
accurate mam*palation in every stage of its manufacture. It 
is this particular property, more than any other, which has 
tended most to its advancement, and which causes it to be 
especially acceptable to engineers for large and important 
works of all kinds, both on land and in water. This grati- 
fying position could not have been reached if engineers 
had neglected their duty of rigidly testing the cement 
before it was used. Manufacturers now understand the re- 
quirements of engineers, and act wisely in meeting them 
in such a way as to increase the good reputaticm of their 
mannflEictares. 

In the case of natural limes and cements considerable 
difference of value arises in the products from the kilns, 
owing to the variable character of the minenJ deposits of 
the quarries. 8ach objection applies more especially to the 
marls and days of the lias formation, and, indeed- — except 
in some rare instances — the production of a first-class Fort- 
land cement, by one direct and simple operation of calci- 
nation, is unattainable. It . is seldom that any natural 
cements are capable of satisfactorily undergoing the ordinary 
tests applied to a high-class artificial Portland cement. In 
the valuable property possessed by Portland cement of re- 
taining its cementitiouB value for a lengthened period of 
time, they are also deficient ; and unless natural cements, of 
any class, are exceptionally good, they may be regarded as 
of less constructive value than the hydraulic limes of the 
Uue lias and other analogous formations. 

The gradual increase in the use of Portland cement for 
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large engiDaeting works haa led, in & correspondiiig degree, 
to a dimtantlon of that of hydraalic limea and natural 
cementa. Where large quantities of hydraulic limes are 
still Qsed in important works much care is bestowed in 
secaring them freshly burnt and finely grooud. Under 
such precaations they may be profitably mixed with the 
various sands and gravels in the preparation of mortar and 
concrete. 

Any description of the various characteristics of Portland 
cement would be incomplete if, among its many advantages, 
we were to omit its most salient property of comparatively 
quick setting. This is a property, however, possessed by 
nearly all the natural cements, although their setting differs 
considerably. In the case of natural cements it is rapid, and 
the maximnm induration quickly attained; whereas in the 
case of Portland cement, of the highest class, the setting 
process is protracted ; and, indeed, for its most important 
uses, only such cement is admissible. 

Portland cement not only commands an important position 
as an English manufacturing product, but as an article of 
export it occupies a prominent place. It is not to he sop* 
posed, however, that this is due to any want of producing 
capacity on the part of either France or Germany, for near 
Boulogne in the one country, and at Stettin in the other, 
there exist, perhaps, the largest Portland cement works in 
the world. 

The home consumption is very large indeed, yet it is 
much exceeded by the amount exported to nearly all parts 
of the world. Many of the most important engineering 
works in France and Germany have been executed with 
English cements, although, as before stated, these countries 
can produce for themselves. Our extensive export trade is 
in a great measure due to our commanding shipping facili- 
ties, which is a matter of great importance in dealing with a 
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heavy article like Portland cemeat of comparatiTely low 
pecuniary value. 

We may briefly give the chronological order of the ex- 
periments 80 fifl to show how mnch ingenuity had been 
expended before the realization of the Portland cement desi- 
deratnm was reached. 

First. SmeatoD in 1756, to obtain a special cement for hia 
own works. Second. Higgins, in 1780, for the illustration 
and development of his particnlar views and theories of a 
cement more especially suited for Btuccoing or house-fronting 
purposes. Third. Parker, in 1796, with the most fortunate 
and usefol discovery of converting the nodules (septaria) 
found in the London clays. Although we may now be able 
to discard the cement derived from this source, having at 
our command one of much greater value, it served most 
useful purposes. The Thames Tunnel could not have been 
made but for the advantages it secured, and many of the 
early railway tunnels were built with it as a cementing 
agent Fourth. Dobbe, in 1810, shows by his specification 
that he had a good mechanical knowledge of the subject, but 
his chemistry was insufficient to guide him. Fifth. Foreign 
experimenters, as Vicat, John, Treussart, and St. IJeger, all 
of whom aimed at the obtainment of an artificial hydraulic 
lime during and about 1818, assisted in an able and satis- 
factory manner with their chemical knowledge in the eluci- 
dation of the subject. Sixth. Aspdin is entitled to the next 
position, from the date of his patent, in 1824. Seventh. 
Pasley, for many years after 1826, when he first entered 
seriously on the sabject in the extensive experiments which 
he BO ably conducted. Eighth. Frost, in 1826, from his 
being the first to erect a manufactory, near London, for 
the purpose of making Portland cement for constructive 
purposes. 

Befcnv closing this chapter, we in the most hearty manner 
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acknowledge the great serrices rendered to the ecientiSc 
branch of the Bubjeot by Captain Smith, by his valuable 
trauBlatioa of Yicat's work on mortars and cements, pub- 
lished in 1837 : a careful study of which will greatly assist 
the intelligent investigator in his futnre and more advanced 
studies and experiments. 
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GEOLOGICAL AND HIirEBALOOICAL OBSERTATIONS. 

Natural Sowees from which the Baw Maierial may be 
dUamed. 

The most important ingredieuta required for the fabrication 
of a good Portland cement, when truly combined, are earbon- 
ate of lime, sUica, and alumina. It is seldom, however, that 
these leading and indispensable minerals are fonnd in snch a 
state of chemical parity as to be accepted without carefol 
analyaie. The imparities with which they are generally in 
combination, such as oxides of iron, manganese, magnesia. 
Sec, are not np to a certain defined limit dangerons, but act 
simply in a negative capacity, and in such condition are 
harmless in character. 

Aspdin in the original or parent Portland cement manu- 
iactory adopted those materials which the locality com- 
manded, and with whose properties he was acquainted. 
They were, however, nnsuited, as well as the site of his 
works, for an extensive system of manuiiactnre, and other 
localities were sought for where the necessary conditions of 
success could be more readily commanded and secnred. 

London was chosen as the proper centre for the establish- 
ment of the new mannfactory, commanding as it does aU the 
required conditions for success ; a great commercial centre 
in and around which the new product could be absorbed in 
the numerous works of constraction, as well as having within 
a convenient distance inexhaustible deposita of the most 
toitable raw ingredients. The chalk formations on the bonks 
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of tlie rivers ThameB and Medway, and the depoaits of mud 
in their estuaries and creeks, faroisbed at an inconsiderable 
cost tbe most suitable supplies in tbe best and most accept- 
able form. 

Fuel was readily obtained in the shape of coke from the 
gasworks of tbe metropolis, and as a crowning advantage to 
the bappy combination we have described, tbe port of 
London, with its namerons shipping facilities, afforded the 
means of exporting the cement to distant countries on the 
most advantageous terms. 

These favourable and singularly fortuitous circumstances 
resulted, as might have been expected, in the establishment 
of extensive cement manuiactories in th^ neighbourhood of 
London, and it is now regarded as the centre and largest 
field of this industry. 

Such a favonred combination naturally placed the London 
cement makers in a position of commanding influence, so as 
to secure for them a practical monopoly of the cement trade, 
not only of the home trade, but the foreign trade as well. 
Hence the bitherto prevailing notion that Portland cement 
was only made in London, and the materials for its manu- 
facture were elsewhere unattainabla 

Before entering on tbe discussion of tbe various cement- 
making materials, we are desirous of calling attontiou to the 
desirability of inculcating in tbe minds of the operative tbe 
advantage, if not tbe necessity, of act^uiring something more 
than a simple external or surface knowledge of the materials 
passing through his hands, and in tbe ccoiveision of which 
he plays so important a part In other industries besides 
that of cement making the ignorance of tbe manipulator 
debars him from the enjoyment which a knowledge of geology 
and mineralogy would afford. Why should the sciences allied 
to tbe industries of the coal miner or iron worker remain a 
sealed book to them, and beyond their intelligent corn- 
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preheiwioii ? Is it creditable in this age of intelligence that 
the operative cement maker while dealing with the simplest 
of minerals should only exert mechanically the aid required 
of him, and continae debarred by his ignorance irom ap> 
preciating the natnre of these materials and the original 
sources from which they were derived. 

It may not be possible, dot is it necessary, that the work- 
man should have his mental training so acate as to be 
capable of determining like a De la Beche from the physical 
aspect of a country its geological period, or its mineral value 
with the facility or unerring instincts of a Dana, or its 
chemical value like a Liebig. 8ach prescience is only 
within the grasp of specially trained and highly gifted 
intellects. 

"Hard work" is made harder when pursued without 
interest It is the wearisome uncongenial task that ulti- 
mately breaks down the most elastic mind. 

There is amongst several classes of operatives certain 
acquired knowledge resulting from intelligent observation in 
their pursuits, which assume practical application according 
to the sagacity of the observer. A familiar example of this 
kind of instinct is shown by the Scotch coal miner when 
deciding on the character and direction of the dislocation of 
the seam of coal, when in " troubled fields " they are inter- 
sected by trap or volcanic dykes or faults. The test indica- 
tion of the "coom," the remains of soot caused by the 
igneons action of tbe molten trap at the period of its 
intrusion, showing by its appearance whether the dislocation 
has led to the ** upthrow " or " downthrow " of the seam of 
coal. 

The French quarryman, to give another simple and 
familiar example, in quarrying the fomous Caen stone, 
estimatea its quality by a kind of musical scale expressed by 
the application of his hammer. The sounds thus developed 
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are pif, pvf, pouf. The first iiidicattng the hard, and the 
last the soft and friable. 

Such rules are aomewhat dogmatic in character, receiving 
their value only by the amount of intelligence exercised in 
their application ; at all events they fall far short of the 
imerriDg rules prescribed by science. 

Analyses of Caen Stone. 



Watet 

Silica 

PrntoKlde of iron 
Ontbonate of lime . 
Uagneaia 



1-91 
lS-71 
0-73 



Not only is the attainment of useful rudimentary know- 
ledge possible, but, as we will show, the higher rounds of 
the scientific ladder have been reached by the humblest 
individuals. In the field of geology two remarkable 
examples are to be found in the persons of Hugh Miller and 
Mary Anning ; the former, of world-wide reputation as an 
original discoverer and thinker, and the other probably as 
well known to the leading geologists of her time from her 
diligent labours in the exhumation of antediluvian animals ; 
the one devoting his great natural abilities to the develop- 
ment of a knowledge of the geology of his native country, 
and the other assiduously, in a not less useful manner, pro- 
secuting her researches after the long-buried remains abound- 
ing in the vicinity of her birthplace; both alike imbued 
with strong religious feeling, which must have been in- 
tensified from their capacity to translate or read the great 
book of nature, and the wondrous works therein recorded of 
its Author. 

A short account of the circumstances which originally led 
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to the connection of these two celebrities with the science of 
geology is pecnliarly interesting. 

Mary Anning, the daughter of a carpenter, was left an 
orphan at eleven years of age, and at that early period 
commenced seeking for strange forms along the sea-beach in 
the neighbourhood of Lyme Regis for a livelihood. Her 
first find she sold to a lady for half a crown, and this 
encouragement induced her to further and more diligent 
research. A few months afterwards she saw in the lias 
strata the projecting bones of an animal, in the digging out 
of which she employed the required manual labour. The 
skeleton thus obtained she sold for 231., and is the ichthyo- 
sanms now in the geological gallery of the British Museum. 
It is not to be supposed that this discovery led to the im- 
mediate classification of these bones so singularly and by 
such humble agency brought to light. It was not until ten 
years afterwards that the illustrious Cuvier finally allotted 
them their palieontolc^cal position. Through these dis- 
coveries Mary Anning became famous, and corresponded 
with Home, Bnckland, Conybeare, De la Beche, and Cuvier, 
and they, as well as numerous students of geology, were 
indebted to her for many of their illustrative specimens. 

Here, then, is a good example of what may be accom- 
plished by the humblest artisan or hand-worker, and shows 
how even a comparatively ignorant and obscure orphan girl 
became the correspondent and associate of illustrious and 
eminent men. Indeed, her fame became widespread, and 
fully justified her humble claim to notoriety, and she may 
well be pardoned the egotism ^pressed in her reply to the 
King of Saxony, when she said, " I am well known through 
the whole of Europe." 

We will let Hugh Miller speak for himself out of his 
' Old Bed Sandstone.' 

" I set out a little before Bonrise to make my first acquaint- 
D 2 
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ance with a life of labour and restmiut, and I haTe rarely 
had a heavier heart than on that morning." 

In the laboriooa occupation on which he bad entered 
he met with the anaroidable hardships with which it was 
associated. But after a short interval he found ample re- 
compense for all the discomforts he had endured. The first 
quarry at which he laboured for a short time was abandoned, 
and in another one in the Bay of Cromarty, situated in a 
highly interesting geological formation, he first felt that 
inspiration which eventually led him to a high position in 
the scientific and literary world. In describing the locality 
in which his labour duties had so happily placed him, he 
says: 

" In short, the yoang geologist, had he all Europe before 
him, could hardly choose for himself a better field. I had, 
however, no one to tell me bo at the time, for geology had not 
travelled so far north ; and so without gaide or vocabulary 
I had to grope my way as I best might, aud find out all its 
wonders for mysel£ Bat so slow was the process, and so 
much was I a seeker in the dark, that the facts contained in 
these few sentences were the patient gathering of years. 

" In the course of the first day's employment I picked up a 
nodular mass of blue limestone, and laid it open by the 
stroke of a hammer; wonderful to relate, it contained inside 
a beaatifnlly finished piece of sculpture, one of the volutes 
apparently of an Ionic capital ; and not the &t^iamed walnut 
of the fairy tale, had I broken its shell and found the little 
dog lying within, could have surprised me more. Was there 
another such cariosity in the whole world ? I broke open a 
few other nodules of similar appearance — for they lay thickly 
on the shore — and found that there might. In one of these 
there was what seemed to be the scales of fishes and the 
impressions of a few minute bivalves, prettily striated ; in 
the centre of the other there was actually a piece of decayed 
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wood. Of all nature's riddles, these seemed to me to be at 
once the most interesting and the most difficnit to expoond. 
I treasored them carefully up, and was told by one of the 
woihmen to whom I showed them, that there was a part of 
the shore two miles fiirther to the wost where curiously 
shaped stones, somewhat like the heads of boarding pikes, 
were occasionally picked up ; and that in his Other's days 
the country people called them thunderbolts, and deemed 
them of sovereign efBcacy in curing bewitched cattle. Our 
employer, on quitting the quarry for the building on which 
we were to be engaged, gave all the workmen a half holiday. 
I employed it in visitiDg the place where the thunderbolts 
bad fallen so thickly, and found it a richer scene of wonder 
than I oould have fancied in even my dreams." 

It is unnecessary for us here to follow further the inter- 
esting history, bat would recommend a reference to the work 
itself (' Old Bed Sandstone '), from which may be derived 
much delightful scientific knowledge, imparted in the most 
charming and acceptable manner. 

If it were desirable we might famish many more illus- 
trations of the assistance afforded to the highest trained 
intellecU by the most humble ^encies. We cannot leave 
this interesting page of our subject, however, without men- 
tioning the widely-known assistance or help afforded to the 
indefatigable natundist, Mr. Frank Buckland, by hie humble 
fishermen Mends, who secure for him rare specimens for the 
illustration of the science of which he is so able and original 
an expositor. Theirs is, indeed, a labour of love, attracted 
to the person of the genial recorder of nature's living 
mysteries in their most interesting and alluring forms. 

Before entering on the more dry and scientific part of our 
Bubject we would preface the introduction thereof with the 
observation that exception may be taken to the prominence 
which we give to the geol<^cal branch, and some may even 



sdbyGOO^IC 



38 SOIBKaE AlTD iST OF FOKILAMI) OEHEHT. 

question its relerancy. But we bope, before closing our 
labours, to show that in cement making its importance is 
only subordinate to that of chemistry. Geology has done 
much for agriculture : it developed the use of coprolites ; 
gypsum through its agency was applied to the improvement 
of the growth of clover. The danger of using, for agri- 
cultural purposes, lime made from the dolomite or magnesian 
limestones, was averted, and much valuable knowledge was 
acquired from its application in arriving at the value of the 
soils and the kind of manures best suited to their various 
characters. 

We do not intend to refer, in exact scientific terms, to the 
various geological deposits from which the raw materials 
for cement makiug are to be obtained, but discuss them in 
such order as they appear to us requisite to the subject, 
giving them priority as we measure their value and im- 
portance from a cement-making point. 

Gabbomate of Lime. 

This mineral is one of the most abundant constituents of 
rocks, rendering it almost impossible to define, with any 
degree of accuracy, the limits of its all-pervading presence. 
It occurs but rarely in a state of purity, and is only repre- 
sented in that condition by calcspar and arragonite. In 
chemistry it is known as the metal calcium, discovered by 
Sir Humphry Davy. 

Pure carbonate of lime consists of 



Carbonate and sulphate of lime have their representatives 
in nearly every stratified formation. The marbles of the 
Metamorphie; the corsb, or shells, of the Silurian; the coral- 
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line and shell marbles of the Devonian ; the encrinal shells 
and fresh-water beds of the Garioniferous ; the dolomites of 
the Permian ; the lias of the Triassic ; the oolites of the 
Jurratic ; the shelly bands of the Weaiden ; the chalks and 
gaults of the Orefaeeom; the nummulites of the Tertiartf; 
and the plastic clays of the Post Tertiary. 

In the Tatioos estimates made of the extent of the lime- 
stone formation it is computed that in one or other of its 
varieties it occupies three-fonrths of the earth's surface. 
England and Ireland are especially well provided, but in 
Scotland it is less plentiful. Scotland's proximity to Ireland, 
however, secures for it a plentifnl supply of lime for building 
and agricultural purposes, io exchange for coals, which in 
that country are comparatively abundant. 

The limestone tract in Ireland is of considerable extent, 
having a range from east to west, or from Dublio to Galway, 
of 120 miles, with a mean breadth of something like 100 miles. 
It seldom exceeds 250 feet in altitule above sea level. 

Carbonate of lime is insoluble, or only very slightly 
soluble in pure water, requiriog 77S grains of water at a 
temperature of 60" Fahr. to dissolve one grain of lime, and 
at boiling point 1278 grains. In a hydrate stat« it is much 
more easily dissolved. 

According to Fresenius, one part of carbonate of lime can 
be dissolved in 8831 parts of cold and 10,601 parts of boiling 
water. When rendered caustic, as proved by Binean's expe- 
riments, it is soluble in the proportion of 780 parts of cold 
and 1500 parts of hot water to 1 part of caustic lime. 

This extreme insolubility of the carbonate of lime does not 
aSect the transparency of the water in which it is dissolved, 
and hence the necessarily slow and protracted process of its 
deposition in the various processes with which in the geolo- 
gical system of oar globe it has played, and still continues 
to play, so prominent a part. 
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NotwiUutanding this extreme miuateness of eolation in 
the water, it is found to iDtetfere prejudicially nlien so com- 
bined in the water need for domestic and manniactoring pur- 
poses. This difiBculty is, howeTer, readily overcome by the 
application of Dr. Clarke's process as now adopted iu recently 
constructed waterworks when the supply is pumped from 
the chalk formation. 

The white crystalline marbles contain bat a slightly 
appreciable quantity of impurities, as the following analyses 
by Wittsteio indicate : 

No. 1, specimen from Carrara. 

No. 2, from Scblonders, in the Tyrol, crystalline. 

No. 3, from the same locality, compact. 



SpedSo gravitj . 
OMbouBte of lime 
Oxide or 



99-236 ; 99010 1 97M0 
0-284 I 0-521 I 2-109 
0-251 I I 0-360 



It may here be obserred that mineralogists are not quite 
^reed as to the accurate application of the term " crystal- 
line." Our use of that term may only, therefore, be re- 
garded as simply distinguishing the physical texture of the 
rocks, and not in their strict or accurate mineralc^ioal 
sense. Such a classification as the following will be ob- 
serred, viz. : 

Perfect crystalline, as in calcspar ; minute crystalline, as 
in the fine-grained marbles ; sub-crystalline, as in the oolite 
or the powdery and amorphous state of the chalk. 

It ia believed that volcanic action has altered, in many 
formations, the original character of the carbonates of lime 
long subsequent to the period of its primary deposition. 
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Nameiona ezamplee of thiB metamorphic change are to be 
found, amongst others that of the Carrara marbles, which, 
originally oolite limestone, became by this action the most 
Talnable of known statuary marbles. In Ireland again, at 
the iamoas " Giant's Oanseway," the intmaion of the molten 
basalt converted the chalk in the neighbourhood of its 
occQTTence to a granular oondition, thus destroying or 
changing its original or amorphous character. In North 
Derbyshire we also find the carboniferous limestone con* 
verted into a variety of marbles, almost of every shade and 
colour, by the estrosion of the igneons material known in 
the locality as " toadstoue." 

These several metamorphic changes must have been - pro- 
duced when the extruded material was at a very high tern- 
peratnre, and under conditions of enonnoos pressure, other- 
wise the carbonic acid gas would have been evolved, and 
instead of crystalline marble there wonld have been lime. 

From such widespread and, comparatively speekiDg, in- 
exhaustible supplies of carbonate of lime, the cement maker 
seed find no difficulty in obtaining tiiis, the first and most 
important ingredient for his manufacture. Besides the 
interest and value attaching to this material from a cement- 
maMng point of view, it has other claims on our attention 
from the eingolarly strange and varied processes by which it 
was formed. 

We will offer a few remarks on the generally accepted 
theories of the origin and growth of the earth's crust 

Since the discoveiy of spectrum analysis, and its application 
to the purposes of astronomical observation, observers have 
omcluded that the earth was originally in a gaseous state, 
at which time calcium, carbon, and oxygen existed in a free 
nncombined state on account of the then prevailing high 
temperature. On this temperature lesseniDg carbonic acid 
was formed, and the calcium combined with oxygen, forming 
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lime. At this period the temperatore was still too high for 
water to assume a liquid form. Experiments of an ioter- 
BiitiDg and reliable character, made by ScbulatGchenko, 
demonstrate that carbonic acid cannot combine with lime in 
the absence of water in its normal or liquid state ; it follows 
that carbonic acid and lime co-existed at this time without 
being in a state of combination. The lime, however, was 
already in contact with silica — a much more powerful agent 
at high t«mperatnre than carbonic acid — so that where the 
gradual lowering of the globe's temperature resulted in 
solutions of carbonic and other more powerful acidsj they 
combined with silicate of lime and various igneous com- 
poands. These were the more easily decomposed from the 
then exbting enormous pressure caused by the quantity of 
water in the altering atmosphera Whether under this 
pressure carbonic acid had previously existed in a liquid 
state is difiScult of proof, as we are without experiments to 
explain the action of liquid carbonic acid on lime and its 
silicates. To have rendered posRible the existence of liquid 
carbonic acid a pressure of 36 of our atmospheres would 
have been necessary. Silicates of lime are decomposed by 
carbonic acid ; the lime found in the springs of the granite 
formation is due to this eonrce. 

Assuming that these theories are tenable, for at present 
there is no information or research which disturbs such con- 
clusions, we arrive at the reasonable inference that all the 
carbonates of lime are the result of decomposed pre-existing 
silicates. In modem times we have no evidence of any 
natural process by the agency of which silicates of lime are 
formed equalling in quantity those decomposed by water con- 
taining carbonic acid. There is no example where a deposit 
of carbonate of lime can be proved to have been deposited 
by igneous action without subsequent metamorphosis. Even 
the old crystalline marbles in the gneiss of Bio Janeiro are 
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80 clearly stratified that Mr. W. F. Beid, duriog bis recent 
visit to the Brazils, was enabled to point out to a local lime- 
burner the continuation of a stratum apparently lost from its 
partial obliteration by erosion. 

If the surfece of the globe were covered with water, and a 
hot solution of bicarbonate of lime injected therein, there 
would be no precipitate of carbonate of lime owing to that 
substance being more soluble in cold than hot water. 

The aboTe explanation of the primordial action during 
the earth's infancy brings us to the period before the " dawn 
of life," and in the absence of all oiganisms. We shall now 
examine the processes which are supposed to have continued 
the wondrous operations during the succeeding geological 
epochs, and their present and continuous action in changing 
the aspect and eouditions of modern geology. 

In the sub-structural rocks, formed before and partly 
during the early Devonian period, carbonate of lime occurs 
in comparatively insignificant quantities. Where and whence, 
then, the sources from which the materials were obtained 
and used in building up the vast deposits of carbonate of 
lime? The explanation, or answer, is sought for in the 
following manner. 

In the fractured conditions of the earth's early crust 
numerous calcareous streams, forced by enormous internal 
pressure, issued through the crevices. At this period water 
covered nearly the whole surface of the globe, and thus 
became charged with the ejected and boiling solutions of 
bicarbonate of lime, magnesia, &c. These agencies had their 
origin in a period so remote as to baffle our powers of com- 
putation to determine their beginning or end. The ocean, 
therefore, during all past time, and indeed at the present 
time also, became the storehouse, supplying the varied 
vitalities with the soluble materials to construct and main- 
tain their organisms, which by their decay eventually formed 
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the deposit of carbonate of lime. Sucii agency may be con- 
sidered a chemical one, but there are others of a mechanical 
character ceaselesBly at work in changing the &ce of natnie, 
and by their action contribating to the boilding up of new 
mineral deposita. Of this olaaa of agency the mechanical 
force of river action is not the least important in its effect 
and teaulta. While depositing in its strictly river course 
vast quantities of insolable materials, it carries in its seaward 
course others of a more soluble nature to be first absorbed 
in the various oceans of which they are the feeders, aud at 
last utilized in the growth of organisma before referred to. 
The amount of river water flowing into the various seas and 
oceans ia something enormous. We shall shortly allude to 
a few of the best-known examples. The Bhone, through ita 
500 miles drains an area of 7000 square miles. The Bhine, 
with its 80O miles, conveys to the sea the drainage of 14,000 
square miles. The Danube, 1800 miles long, accommodates 
the drainage of 55,000 square miles of country. In North 
America, the St. Lawrence, traversing a distance of 1200 
miles, dischaiges into the Atlantic Sea the drainage of 
800,000 square miles. The great Mississippi, meandering 
through its tortuous course of 3800 miles, ultimately conveys 
the drainage of 1,000,000 square miles of country. 

It ia estimated that 1,800,000,000 tons of water enter into 
the Mediterranean Sea during the twenty-four hours, being 
the collective contributions of all great and secondary rivers 
discharging along its shores. The Black Sea receives the 
discharge of one-fourth of the river waters of Europe. The 
flow of the river Thames at Teddington on a rough average 
is 8332 gallons of water per second, a gallon of which yields 
OD analysis 22 '5 grains of solid matter, chiefly bicarbonate 
of lime, equal to 96-417 lbs. per hour, or 377,058 tons per 
annum. 

The river Danube, after its traverse through 1800 miles 
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of fertile couotiy, discharges itself into the Blacb Sea. 
Daring floods, and when its waters are most sorcharged, they 
bear to the tideless sea as much sedimentary matter as, 
if precipitated and compressed, would be equal to 1 cube 
inch of solid matter to a cubic foot of water. Not above 
one-fortieth of this enormous qiiantity is, howeyer, trans- 
ported when the highest floods have subsided. Upwards of 
600,000 cubic yards of diluvial detritus pass into the sea by 
the Beveral mouths of the river in twenty-foar hours, and 
during its normal state 15,000 cubic yards in the same time. 
The maintenance of a navigable month has been successfully 
accomplished, through the skilful agency of Sir Charles 
Hartley, to whom the European CommissioQ entrusted its 
execution. 

The Nile again, which through all historic ages baa been 
the wonder and admiration of both learned and ignorant : 
the mystery of its source, and the marrellous fertility 
resulting from its periodical inundations, combined to render 
it, from the earliest period of recorded history, a subject of 
much controversy and speculation. The solid matter an- 
nually brought down by this river has been estimated, in 
pursuance of very careful measurements carried on for many 
years, at 240,000,000 cubic yards, that is, equal to an area of 
2 square miles 50 feet deep. It is thought that a portion of 
this mass is carried eastward by the prevailing shore-current 
that sweeps the fringe of the Egyptian Delta, and either 
raises the bed of the Mediterranean or reappears in the 
shape of blown sand creeping over the gardens of Paleatme. 
But, all deductions made, a steady annual growth of culti- 
vable land is added year by year to the dominions of the 
Khedive of Egypt. 

AH these mighty masses, thus transported by natural 
agency in nevei^^nding and coutinoous regularity, so h,T 
eclipse by their immensity any power at the command of 
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man, or under his control, that even the combined energy 
of all the steam power 9U the globe exerted to its utmost 
point would, ia comparison, be of the most pigmy character. 

The degradation of the Tarious geological formations, dae 
to the various atmospheric and meteoric agencies, assists to 
a great extent in preparing for the transport of these vast 
quantities so varioas in mineral character and value. 

These illustrations form but an insigniGcant item in the 
large total of the river power of the globe, but they give us 
some idea of the force of such agency, and its ceaseless con- 
tribntion to the eveiMihangiiig geological conditions of our 
planet. 

Wells and springs, by the deposition of the salts in their 
water, assist also in the production of carbonate of Ume. A 
familiar example of this class of agency occurs to us in the 
case of the Bath old wells. A daily water yield of 181,440 
gallons yields 608 tons of solid matter every year. 

In Italy a building stone, known as travertine, is com- 
posed solely of carbonate of lime deposited from volcanic 
waters. Some springs in Tuscany deposit as much as 12 
inches of carbonate of lime during the year. Similar springs 
occur in England, as at Hatlock, in Derbyshire, and other 
places, where they are locally known as petrifying wells. 
Carbonate and sulphate of lime is, indeed, to be found in 
nearly all wells, where its presence is indicated by the de> 
posited incrustations in cooking vessels, which is simply 
lime, or its silicate, after being deprived of its carbonic acid. 
Water in the London chalk district contains 20 grains of 
bicarbonate of lime in every gallon. 

The celebrated " Falls of Niagara " afford a favourable 
illustration of another kind of t^ency. Tlie abrading action 
of the river flowing over the Calls has reduced, daring fifty 
years, the platform of the cataract to the extent of 40 yards, 
or nearly 1 yard per annum ; the degradation of the old 
rock resulting in the formation of a soft shelly limestone in 
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the new or lower river bed. The distance from the lower 
opeoiog of the narrow gorge to the present iace of the 
cataract ia 7 miles, and the time occupied in this process of 
retrogression was computed, by the late Sir Charles Lyell, 
at 35,000 years : that is, from the period of the drift, or 
glacial action, to the present tim& The falls are now distant 
25 miles from Lake Erie, and when that space has been 
traversed by this destructive hydranlio ^ent the lake itself 
will be emptied, from the fact of ite depth being less than 
the height of the falls, unless during that period the volnme 
of water should become diminished and its force thereby be 
prevented from maintainiDg the present height of the fall. 

We will DOW proceed to describe the varions formations 
from which supplies of carbonate of lime may be obtained. 
The first to which we shall call attention is, perhaps, the, 
best known and most valuable, and with which, in England, 
we are best acquainted, viz. 

Chalk. 

Chalk is a fine granular carbouate of lime, existing geo- 

logic^y in three well-defined formations known as 

Chalk Marl, 

Lower Chalk, 

Upper Chalk, 

the latter being frequently interspersed with layers of flint 
nodules. 

It occupies a large portion of England's surface, and if 
the thin soils, with which in some places it is covered, 
were bared, it would be traceable in varying breadths from 
Doreotshire to Flamboroogb Head, in Yorkshire. With the 
exception of the wealds of Kent and Sussex it prevails in all 
the south-eastern counties. 

Notwithstanding the extent of the English deposits, and 
even after adding those of the north of Ireland, they form 
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but an iDsigniScant part of tKe whole known chalk fonnation. 
The London basin is continaed to Paris ; nine tbroogb Den- 
mark and Central Earope, thence southward to Northern 
Africa; while eastward it appears in the Crimea and Syria, 
and may also be traced to the shores of the ISea of Aral in 
Central Asia. Some authorities compute itB enperficial area 
to be eqnal in extent to that of Enrope. 

The specific gravity of chalk is 2-03, and an analysis of 
fine white chalk from Brighton, by Schweitzer, gives 

Ovbonats of lime 9e'07 

„ magneaia 0'3S 

Fboiphttte of lime 0*11 

Oxide of iron D-OS 

„ nuDgBDese 0*06 

AloEDiiui 016 

gilicB 0-64 

Such a favonrable analysis is not always obtainable, however, 
especially near the surface, owing to the presence of gravel 
and sand deposited during the drift or glacial period. 

The following analyses, by Professor Way, of chalks from 
North Hants, are very uniform in character, and do not 
differ widely from the above. They were made for agricuU 
tnral purposes, and to test their value from that point of view. 

No. 1, lower chalk ; No. 2, lower portion of chalk with 
fiiittB ; No. 3, upper soft white, or free chalk ; No. 4, second 
specimen of upper chalk. 



CIkt aad nud iotolDbla in acids 

Cuboiiio add 

Bulpburio add 

PhoBpborio add 

CtJoriDe 

Magncna 

Potash 

Soda 

Oxidei of iron and alnmlDa 




100-00 10000 
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AnaJyaes of other OhdUts. ' 

No. 1, grey chalk ; Ko. 2, grey clialk ; No. 3, CleTelaod 
chalk. 



It is DOW gooei^y conceded that this iuterestiiig and 
widcBpread geolc^cal fotmation is of marine origin, slowly 
and imperceptibly deposited throngh a period of almost 
incalcnlable time in deep water. 

There is no longer mnch donbt as to the exact proceeses 
by which such wonderful tesults were accomplished, for 
recent deep-sea explorations have demonstrated that analo- 
gous deposits are now in progress in the beds of the Atlantic 
and other oceans. The gradual deposition of mad, or ooze, 
between the western Irish coast and Newfoundland, a dis- 
tance of 1700 miles, has been ascertained with ctmBiderable 
precision by the aoondings taken to prove &e feasilnlity of 
laying the "Atlantic Cable" along that sea-bed route. 
These exploratory operations, while proving the existence of 
a favourably conditioned resting place for the cable, also 
furnished geol<^;]sts and microscopists with interesting speci- 
mens for study and discosaioa. In addition to the interest 
connected with the fishing up of these materials from so 
great a depth, we are famished with oonalnsive evidence of 
the existence of those minute vitalities through whose appa- 
rently insignificant agency sooh geological formations have 
been built op. 

The eminent miooscopists, Sorby and Ehrenbeq^ have, 
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from carefol exsmiaation, ascertained the character and 
form of these tiny creatures. It had hitherto been snppoaed 
that no living organism existed in any deep-ocean bed, and 
but for the ud of novel and specially adapted mechanical 
appliances we Bhoold have contiuaed to remain ignorant of 
tixe knowledge of such jelly-like vitalism, not only main- 
taining life, bnt capable of constructing their skeletons ont 
of the carbonate of lime cooiAined in the water in which 
they lived; these so-called Globigerina, when dead, be- 
coming imbedded in a granolar matrix composed of various 
bodies so minute in character that a cubic inch represents 
hundreds of thousands compacted togeUier by innumerable 
granules. 

The chalk is not solely composed of Globigerina, but c<m- 
tains a small percentage of siliceous bodies of a low type of 
vegetable organism named Diatomaceae, together with the 
simple animals termed Badiolariie, both of which live and 
die on the surface of the ocean. The time occupied by tJieso 
siliceous organisms, scarcely equalling the lightest dust in 
weight, in gravitating to their final resting place in the 
ocean bed, must have been very protracted, more especially 
when we consider the great disparity between their super- 
ficial area and weight. 

If we assume that during the geologic periods of the 
marine limestone formations the amount of oarbonio acid 
was as great as that now existing, we find ample confirmation 
that such deposits were the result of o^;anic agency. 

Bischof tells us that in our present seas there is seven 
times as much carbonic acid gas as is necessary to hold in 
solution the carbonate of lime, and that therefore its depo- 
sition on the sea bed could only be accomplished by vital 
forces. 

From an analysis made of the water flowing off from the 
mud of the river Hooghly, in the delta of the Ganges, after 
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the annual mnndation, it was found to be higUy chained 
with carbonic acid gas holding lime in solution. 

That the minute agencies contributing and collectiTely 
bringing about such results were varions in character, is 
apparent from the fact that, with but slight exceptions, each 
formation has its distinct representative fossils. So also do 
we fiud that these remains indicate the particular epoch in 
which they lived and died. 

We have shown that these vast masses of extinct orguiisms 
were accnmolated in ancient seas. Such a conclusion finds 
ample proof from the existence, in a fossilized state, of 
numerous remains of aquatic auimals who passed their lives 
in the sea, the majority of them being similar to those now 
found in existing oceaus. 

A good illnatration of the ceaselesa activity of submarioe 
life is afforded by the following information : 

" A remartable piece of coral has been taken from a sub- 
marine cable, near Port Darwio, Australia. It is of the 
ordinary species, about 5 inches in height, 6 inches in dia- 
meter at the top, and about 2 inches at the base. It is 
perfectly formed, and the &ice bears the distinct impression 
of the cable, while a few fibres of the coir rope, used as a 
sheath for the telegraph wire, still adhere to it. As the 
cable has been laid only four years, it is evident that this 
specimen must have grown to its present height in that 
time ; this seems to prove that the growth of coral has 
been much more rapid than scientific men have hitherto 
admitted." 

We seldom find chalh in so pure a state on the earth's 
surface as that found in the now forming ocean beds, various 
geological changes having occurred since that remote period, 
and those of more recent date especially have left ample 
evidence of their occorrence by deposits of a purely diluvial 
character. It is from the intermixture of these impurities 

B 2 
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that the cement maker ia to apprehend danger, from the 
consequences of which he can only protect himself hy the 
exercise of the most careful attention. 

The next deposit we pmpose considering is tho lias, which 
wa regard as second in importance — from the cement-making 
point of Tiew — to that which wo have jbst referred to. 

Lus. 

This formation ia so named, it is sapposed, from a cor- 
ruption of the word lyas, or layers, and was originally applied 
to the thin-bedded limestones at the base of the oolitic 
system. It is generally arranged in the following divisions: 

Ist. Upper lias clay, or shale. 
2nd. Marlstone. 
3rd, Lower lias clay, or shale. 
4th. lias rock. 

Although, perhaps, not equalling the chalk in geogra- 
phical extend it, howcTer, occnpies a considerable portion of 
this conotry's aorface, and extends in almost unbroken cod- 
tinnity &om Lyme Begis in the sonth, to the river Tees in 
the north, with isolated patebes in North and South Wales 
and elsewhere, In Scotland and Ireland it exists but in 
comparatively insignificant qaantitiea. The moat favoorable 
points for studying and observing this highly interesting 
geological formation are Whitby, in Yorkshire ; Weatbory, in 
the estuary of the river Severn ; Watchet, in Somerset- 
shire ; Abertbaw, in Glamorganshiie ; Lyme Regis, in Dorset- 
shire ; and Barrow, in Leicestershire. 

Besides its industrial value this formation commands 
maoh attention ttom its being the depository of the gigantic 
fossil remains of the ichthyosaori, plesiosauri, and other 
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extinct animala Its prevailing and diBtingmshing coloor is 
blae, its shade Tarying in different districts, even reaching 
that of a pale grey or white, known in some localities as the 
** white lias," when it assomes a highly indurated character, 
and when in that state is nsed for omameDtal and other 
constriictiTe pnrposes. 

This formation, &om its muddy appearance, and the almost 
entire absence of any crystalline charaoteristics, induces a 
belief that some different natural process was at work than 
that which built np the chalk and other carbonate of lime 
deposits. The dispn^rtion of the limestone to the shale 
is very marked, and although the former is seldom found 
with a larger proportion than 80 per cent, of carbonate, and 
then in comparatively shallow beds, the clays preponderate, 
and even in the best circamstanced quarries, unless where 
brickmaking is carried on, large quantities are wheeled to 
wastes thereby involving an increase in the cost of working. 

The perfect animal remains found in the " lias " indncee 
the belief that the growth of its deposit was at a rapid rate, 
tiie nnoonsomed food, and other conditions of the exhnmed 
remains, favouring this supposition. That the deposit was 
performed in still and placid waters is beyond question, from 
the accaracy — even to the colour in the shells — of the most 
delicate remain& The ooze bed of the great liassic sea 
formed a soft resting place for the delicate pentacrinites, as 
well as the huge saurians, both of whom, according to their 
weight, became entombed, to be recovered in distant ages, 
enabling us to read by their aid the leason of the earth's 
history and its mutations. 

The eminent chemist, Bisohof, affords ns explanation on 
the general conservation of csgaoic remains. He says : 

" The canse of the destruction of animal remains enclosed 
in sandstone is easily explained. These rocks are porous. 
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They are therefore eatarated by the b^ water, and, after 
their upheaval by the ocean, by rain water; die salts of lime 
ot which these remains consist, are carried away. 

" If dead marine wniinalB sink into sandbanks, they can, of 
couTB^ only be enclosed by sand where currents exist ; for 
sand at the bottom of the sea can only be poshed forward, 
never lifted, by the water. Where no new deposits of sand 
took place the bones of the animal remains were exposed to 
the dissolving action of the carbonic acid contained in the 
sea water, after their flesh bad become decomposed. Even 
if the body has been covered with sand at the bottom of the 
sea, and this sand has been cemented together, yet the bones 
are not protected &om the diaaolring action of sea water ; for 
no sandstone excludes water. 

"It is quita a difierent case with those sabstances held in 
suspension by the water. These belong to the whole ocean. 
They sink to the bottom whenever the water is not kept in 
continual motion by storms. Dead marine animals are 
there enveloped by these substances and thus preserved. 
They are also preserved if enveloped in carbonate of lime, 
whether this has been produced by the decomposition of 
the bicarbonate, by the atmosphere, or by organic action. 

" Although clay-slate, clay, and limestone may not be com- 
pletely impervious to water, yet tbey are more so than 
sandstone. The circumstance is also favourable that water 
penetrating limestone layers becomes saturated with car- 
bonate of lime before reaching the organic remain^ and can 
therefore hardly act upon them. Thus we find an abnn- 
dance of remuns of fish and sanrians in the bituminous 
schists Of limestone of the upper lias in several coHntries. 
The schists in which the remains of the ichthyosauri — those 
voracious monsters — occur, show everywhere snob a uniform 
and remarkable composition, that one is inclined to ascribe 
the formation of those layers to the animals which are en- 
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closed in them. Uoder the magDifymg glass yoa can see 
that they aie composed of fishes' teeth, scales, fragments of 
shell, &o., and all is impregnated with the animal oil which 
renders these schists combustible. , . , We need not look for 
a mechanical power to accoont for the grinding ap of the 
fishes' teeth, &c. We find one in the digestire apparatus of 
the sanrians which fed on the fish." 

In die absence of such authoritative hypothesis we might 
feel disposed to look around for other natural agencies 
assisting in the formation of this remarkable geological 
deposit. We have instances innometable of remarkable 
results &om apparently trivial causes, such, ftir instance, aa 
that stated by Agassiz occurring in the river Glat — one 
of the ttibutaries of Lake Zurich. Thousands of barbels 
were destroyed by a sudden reduction of 15° in the tempe- 
ratnie of the water. A sudden irruption of salt water into a 
fresh-iroter lake resnlting in a similar disaster. 

Volcanic agency is another active instrument of de- 
struction. A comparatively recent instance of this power 
occurred at Quito in 1797. At the foot of the mountain 
of Tuugnragua a stream of water and fetid mud poured out, 
overflowed, and carried destruction along their coursa 
Valleys lOOO feet broad were flooded to the depth of 
€00 feet, and the course of the rivers completely choked 
by the deposited mnd ; the vapour killing all ^e cattle 
coming within its poisonons influence. 

In the Crimea there are active mud volcanoes, and in 
tiie neighbouring peninsula of Tamsau an outbreak of Ku- 
kuobo in 1794 emitted about 27,000,000 cubic feet of 
mud. 

The initial force by which some or all of these streams 
were propelled was in all probability derived from the 
ehtstic power of steam under enormous pressure. This agent, 
when relieved of the incumbent equilibrium by which pre- 
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vioaelf Ha latest energy had been controlled, diBohatging 
the mud, and thereby preventing, it is poBEdble, deetmotive 
earthquakes. 

A eingnlar phenomenon ooonned in France daring the 
recent heavy rains which fell during twenty-nine days over 
Puis. It was computed that during that time the quantity 
of water which fell amomited to 4,500,000 tons (abont one 
thousand millioD galloos). From an analysis made it was 
estimated that about nine tons of ammonia had beem pre- 
cipitated from the atmosphere, in which was contained nitro- 
gen sufficient to cover the whole of Paris with a forest. 
Besides the ammauia there were 88 tons of mineral sob- 
stancee, amongst them being globules of meteoric iron. 

It was from the lias deposits that Smeato^ selected the 
now famous Abeithaw lime, with which he mixed Italian 
puzzolana, for the mortar used in the constraction of the 
Fiddystone Lighthouse. 

The analyses of Aberthaw limestone are — 

Ho.1. 

Oai^Datfl of lime 86'2 

Silica uid ■Jomiiui (d»)r) 11-S 

Water, &0. 2-6 

100-0 
1SQ.B. 

Cfuboiuite of lime BS'O 

„ magntaia 2'0 



lOO-O 



Peroxide of iioD . 
Wfttor and Ion 



The following analyses of lias limestone and shale are 
taken &om Sogers' 'Iron Metallm^,' and made presnm- 
aiAy by the author thereof, or under his oontrol and direc- 
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tion. The Tarions BpeciineiiB were Babmitted to him for 
inTestigation to aeoertain their Talne in relation to iron 
making. 



Black iiaa, HnmblM, n< 



FI«sh-aoIoiiTed ditto, ditto 
Tellow ditto, ditto .. .. 
[Lime »bal», Llang^ttook,' 
1 Breconihlie .. 
Upper ditto, ditto .. 
TeUow OOMM ditto, ditto 
LiM Btoue, ditto 
Beddiah ditto, ditto 
Bine Mitdy ditto, ditto .. 
Blue miHratli ditto, ditto.. 
[Liu, omi Bridgend, Qla-1 

I DkOTOUUlliTe ■■ 

Ditto T^o. 2. ditto . 
Ditto Na 8, ditto . 



Theie are other well-known districts from which hydrsnlio 
limee bave been obtained and used in important engineering 
works. From Lyme Begia the mortar used in the cod- 
stmction of the London Docks was obtained ; and id the no 
less imp(»tant undertaking of the Liverpool Docks, that 
from Holywell, in North Wales. 

Their analyses ate as under : 



CuboDftte of limo 
Alnmina and silicii 

Water 

Caibonaloof 1 
Oitdeoff 
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An exceptionally good Bpecimen of the Warwicksbiie lias 
limestone, analyzed by W. F. Beid, girea : 

OuboiMte of lime 68-29 

BIllo* 17-90 

Alumina S'70 

Oxide of iron 201 

HftgDeeiA 1-14 

SeEquioxide of mangBnew O'll 

Org^o giitMtuMNia .. O'SO 

WaUiiMidlDas 6-06 

100-00 

Lias limestone, from Larne, in Ireland, analyzed by 
Dt. Hodges, giTes ; 

Cubonkto of lime 71-66 

OuboDkleof magUMia 8'67 

Osidei of iron and aloiniiui 9*42 

Silica and iiuolnUe cl*7 14-61. 



The aingnlarly varied character of the seTeial beds of 
this formation prevents our being able to add to the above 
limited nnmber of analyses. In fact, every band of lime- 
stone and shale has its own distinct and separate chemical 
value. The stone may be regarded as worth in carbonate 
of lime from 60 per cent, to 80 per cent, and the shales 
seldom contain more than 30 per cent., or less than 10 per 
cent. In some districts it is not easy to discriminate be- 
tween the newly quarried stones and shales. After a short 
exposure to the air, however, shales disintegrate, and in that 
condition are readily distinguished from the atone. Like 
almost all other shales, those from the lias beds are found 
mixed with iron pyrites. As this substance (sulphuret of 
iron), when existing in certain proportions, exercises an 
injurious infiuence on the mann&cture of Portland cement, 
great care is necessary in the selection of shales for that 
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pnipoea It is probably, owing to tbe presence of this dele- 
terions ingredient that eo little progress has been made in 
prodncing jirtt-dats Portland cementA £rom these deposits; 
and the ease with which all the required materials are 
obtained may also have condoced to a c&reless system, 
disregaidiDg the necessity of being guided by chemical 
knowledge. 

The favoor with which engineers generally regard by- 
dranlic limes eocoarages its manalactnre, to the exclusion 
of cement, notwithstanding that for all constmctiTe pur- 
poses it is much more costly and less valuable in ita results 
for mortar-making purposes than a good Portland cement 
The manu&ctore of the ordinary lias lime is a simple ABC 
operation, and requires neither the outlay of large capital 
nor much technical knowledge. 

Geologists have given more than ordinary attention to 
this deposit, and the late Hugh Miller, in writing of that 
at Eathie, in Scotland, says : 

" The liaadc deposit of Eathie must hare been of slow 
deposition. It consists of laminee as thin as sheets of paste- 
board, which of course shows that there was but little de- 
posited at a time, and pauses between each deposit, and, 
though a soft muddy sur&ce could have been of itself no 
proper habitat for the sedentary animals — serpulie, oysters, 
gryphites, and terebratuhe — we find farther, that they did, 
notwithstanding, find footing upon it, by attaching them- 
selves to the dead shells of such of the sailing or swimming 
molluscs, ammonites, and belemnites, as died over it, and 
left upon it their remains ; from which we infer that the 
pauses must have been very protracted, seeing that tbey gave 
sofEcient time for the terebratnlte — shdls that never moved 
from the place in which they were originally fixed — to grow 
up to maturity. The thin leaves of these liassio volumes 
mast have been slowly formed and deliberately written ; for. 
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as a series of Tolames, recliniog agamst a granite pedestal 
ID the geolc^o library of aatnre, I lued to find pleasnre in 
r^;arding them. Tlie limestone bands, cnrioosly marbled 
with lignite, ichthyolite, and shell, formed the stiff boarding ; 
and the thin pasteboard-like laminie between — tens and 
hundreds of thoosands in namber in even the slimmer 
Tolnmes — composed the closely written leaves. For nerer 
did figures or characters lie closer in a page than the 
organisms on the surfaces of these leaf-libe laminse. Permit 
me to present to yon from my note-book a few readings 
taken daring a siogle visit from these strange pages. 

" We insinuate our lever into a fissure of the shale, and 
turn up a portion of one of the laminie, whose surface had 
last seen the light when existing as part of the bottom of 
the old liassic sea, when more than half the formation had 
still to be deposited. Is it not <me of the prints of Sowerby's 
* Mineral Conchology ' that has opened up to as ? Nay, 
the shells lie too thickly for that, and there are too many 
repetitions of organisms of the same species. The drawing, 
too, is finer, and the shading seems produced rather by such 
a degree of relief in the figures as may be seen in those of 
an embossed card, than by any of lighter or darker colour. 
And yet the general tone of the colouring, though dimmed 
by the action of untold centuries, is still very striking. The 
ground of the tablets is of a deep black, while the colours 
stand out in various shades, firom opaque to silvery white, 
and from silvery white to deep grey. There, for instance, 
is a group of large ammonites, as if drawn in white chalk ; 
then, a cluster of minute bivalves, resembling pectens, each 
of which bears its thin film of silvery nacre ; there, a grace* 
folly formed lima, in deep neutral tint ; while lying athwart 
the page, like the dark hawthorn leaf in Bewick's well- 
known vignette, there are two slim sword-shaped leaves 
coloured in deep umber. We lay open a portion of another 
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paga The centre is occupied by a large myacitea, still 
bearing a warm tint of yellotrish brown, and which miut 
hare had an exceedingly brilliant shell in its day ; there is 
a modiola, a smaller shell, but similar in tint, though not 
quite so bright, lying a few inches away, with an assemblago 
of dark grey gryphitee of considerable size on the one side, 
and on the otlier a fleet of minnte terebratnUe, that had been 
borne down and covered by some fresh deposit &om above, 
when riding at their anchors. We turn over yet another page. 
It is occnpied ezclusively hy ammonitee of various nzes, 
bat all of one species, aa if a whole argosy, old and yoong, 
convoy^ and convoyed, had been wrec^d at once, and sent 
disabled and dead to the bottom. And here we open yet 
another page more. It bears a set of extremely slender 
belemnitee. They lie along and athwart, and in every pos- 
uble angle, like a heap of boarding pikes thrown carelessly 
down on a vessel's deck on the sutiender of the crew, Here^ 
too, is an assemblage of bright black plates, that shine like 
pieces of japan woik^ the cerebral plates of some fish of the 
ganoid order ; and here an inunense accumulation of glitt6t> 
ing scales of a circular form. We apply the microscope 
and find every little interstice in the page covered with 
organisms. And leaf after leaf, for tens and hnndreds of feet 
tc^ther, repeat the same strange story. The great Alex- 
andrian library, with its unsiunmed tomes of ancient 
literature, the accumulation of long agee, was bat a poor 
and meagre collection, scarce less pnny in bulk than recent 
in date, when compared with this vast and wondrous library 
of the Scotch lias. 

" Now this Eathie deposit is a crowded burying ground, 
greatly more charged with remains of the dead, and more 
thoroughly saturated with what was once animal matter, 
than ever yet was city burying ground in its most unsanitary 
state." 
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Sir Charles Lyell, in remsrkiiig on the line in Bttod, 

" The dust wa tread wu oooe aliTB," 

mye: 

"Hov faint an ides does this exclamation of the poet 
convey of the real wonders of nature I for here we discover 
proofs that the calcareous and siliceoas dnst of which hills 
are composed has not only been once alive, but almost every 
particle, albeit invisible to the naked eye, still retains the 
organic strnctnre which, at periods of time incalculably 
remote, was impressed upon it by the powers of life." 

In looking aronnd ns, and applying our intelligence, we 
can no longer doubt or hesitate to believe in the existence of 
an unceasing " great cause " shaping and operating at its will 
on every speck of the bonndless space of the universe. Vol- 
canic action ! atmospheric action I meteoric action ! with 
innumerable minor inflaences, all impenetrable to the ordi- 
nary mind, bat occasionally, and at rare intervals, expounded 
through the acute intellects of some advanced scientific in- 
telligence. We can read, with a certain amount of clearness, 
the lessons taught by the volcanic outbursts of past and 
present times. Their external influence as it affects the 
physical conditions of ourselves and the surface of the earth ; 
but the cause lies hidden, and may still be regarded as a 
sealed book, notwithstanding the vaunted explanation of 
egotistic philosophers. That the prime agent is chemical 
we may safely assume, even with our comparatively limited 
knowledge of it« vast agency, and those phenomena which, 
daring the benighted ages, had their origin ascribed to 
" dark " or " infernal " ^ency, can be readily explained 
by modem scientists. Take, for instance, a natural occur- 
rence of the simplest kind, which recently took place in the 
adit level of a lead mine in the state of Missouri, North 
America. A sudden rise of the temperature from 60° to 
100° obliged the miners to retire from their work. Chemistry 
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at <mce read tlte — at least what would have been a hundred 
^ean ago — riddle, and proved that the presence of 75 per 
cent of snlphate of protoxide of iron in the strata through 
which the adit was driven had become disintegrated, and in 
this condition rapidly absorbed the oxygen of the atmo- 
spheric air, resulting in the increase of the 40^ of 
temperature. 

ISanj a mysterious undeigroond fire could have been 
similarly explained if the necessary intelligence could have 
been commanded. 

The phenomena of metallic snow, and other kindred oocnr- 
reoces, E^ould now no longer terrify the ignorant, for 
science has loudly proclaimed the source and cause of their 



We shall now proceed to examine the 

OOLITIO FOBHATION, 

which, like the cretaceoos and lias deposits, is well repre- 
sented in England, extending from Yorkshire in the north 
to Dorsetshire in the south, and having an irregular breadth 
of about thirty miles. 

The name by which geologists have distinguished the for- 
mation originated in its peculiar physical character, which 
reeemblee the roes or eggs of fish, around which are concen- 
trically accnmnlated layers of calcareous matter. It is 
arranged by geologists into three divisions, viz. : 
** Lower," 
"Middle," 
" Upper." 

From each ci these diriolons are quarried Tarions stones 
for building and lime burning. The well-known and valuable 
Portland and Bath stone, as well as the Forbeck marbles, 
fnllets' earth and firestone, are the most marked products 
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from this fonnatioQ. Its use for Portland and other oement- 
making purposes has hitherto been but limited. 

The external aspect of the rock, and its general chatttcter, 
is not 80 well-defined, ajid is exceedingly Taiiable, being 
neither cryatalline nor amorphous. Its colour is also unre- 
liable, and exhibits alm(»t every gradation of shade between 
white and yellow, according to the extent of metallic influ- 
ence with which it is surroonded. 

The clays which are intercalated in some of the series are 
generally of a dark blue colour, tolerably pure and well 
suited for cement making in conjunction mth its allied 
stone. 

The chemical results are somewhat varied in diaracter, 
and exhibit a vide range in the various widely separated 
districts from which the samples have been obtained. 

We here give six analyses : 

No. 1, btua Forilud (Donel). 
„ 2, H Anoaiter (LinoolD). 
„ 8, „ Bam Hill (Bomenet). 
„ i, „ Baniack (Northunpton). 
„ 6, „ Oirenoeoter (WilUhire). 

The two latter were uialyzed by Dr. A. Yodcker, with a 
view to an ascertainment of their value to the farmer for 
agrioultoral purpoee& 



Cubonate of lima 



Iron and alnn 

BlliM 

Bnlphate of lime .. 
Phoapboiie add .. 

Wat^ aod loaa .. 



89-20 
4-14 

e-89 



One valuable peculiari^ in connection with this formation 
ia the bat of its being favourably circumstanced wttJi r^;ard 
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to means of transit, and in its northern and midlaDd divi- 
sions within the inSnence of supplies of cheap fael. Except 
in the BOQthem fields it is far distant from the sea, and does 
not, like the chalk and lias, command the advantf^es of that 
means of cheap conveyance. 

These three formations, viz. the chalk, lias, and oolite, 
have to a greater or less extent, in this coontry at least, 
furnished the materials for Portland cement making, and 
we bare taken them in the order of their acknowledged 
importance. We shall now enter on the description and 
diBonasioQ of other geological formations not yet sufficiently 
tested, but, nerertheless, possessing valnable sources from 
which can be derived inexhaustible snpplies of the necessary 
cement-making ingredient& First of these in importance is 
the 

CaBBONIFEBOCS (COAIrBBABlKQ) LlHESTOKS. 

It is also sometimes known and recognized as the moun- 
tain limestone, from the ragged character it impacts to the 
scenery of the districts in which it prevails. The physical 
character and aspect of this interesting fonnation differ 
widely &om those we have already referred ta It forms 
bold and prominent moontain ranges, at considerable alti- 
tode^ while ike chalk, lias, and oolite formations, are seldom 
fomid at any considerable height above the sea level, and 
on which are to be seen the most fertile valleys and hills 
— from the deep soils of the midland counties to the thin 
ones of the soathem downs : in the one case prodncing the 
rich crops of wheat, and in the other the no less valnable 
barleys and grasses, both alike the sonrce of agricultural 
wealth. The mountain limestone exhibits no such pleasant 
aspects, for its texture is too bard, resisting the climatal 
and meteoric actions which so readily degrade the other 
rocks to a condition fitted for sgricoltural treatment, their 
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high and exposed eituatioii also anfittiDg them for snccesarul 
cuhivation, although at moderate altitudes the grass grown 
is of good quality, and is much superior to that grown in the 
gritstone soils at similar elevations. 

Generally speaking this formation is of great depth, and 
in some of its localities of deposit comes into close contact 
with the coal measures. It attains its greatest purity in the 
counties of Derby, Denbigh, and Flint, and in some of the 
Derbyshire qoarrieB it is nearly of a pure white colour, 
having but an imperceptible trace of oxide of iron. This 
freedom from the oeually associated imparities of crystalline 
limestones commands for it a high position vitb chemical 
maDufactnrers, and it is extensively used in the production 
of chemicals in Lancashire, Yorkshire, and Northumberland. 
Its purity leads to an enormous consumption at long dis- 
tances from its locality of deposit. 

For cement making this property is not so important, as 
vhen impurities exist they generally favour the cement 
maker, at all events when they exist in clearly defined and 
easily estimated proportions. 

Owing to its generally isolated and unapproachable posi- 
tion the carboniferous limestone is in the more important 
deposits beyond the reach of the necessary silica and 
alumina, as well as nn&TOurably circumstanced in regard 
to a supply of fneL There are, however, Mnging on its 
margin, in some districts considerable deposits of aluminous 
and other shales &om which can be readily obtained the 
necessary cement-making ingredients; more especially is 
this the case in some parts of North Derbyshire, where 
it comes in contact with the well-known millstone grit 
formation. 

The following analyses of the carboDiferoua limestone 
exhibit the chemical values of the best-known deposits, 
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Englith and Wdeh, 

No, 1.— DerbysMre (Mnspratt). 
„ 2. — Torlmhira (Johiutoa). 
„ 3.— FliDtahin. 
„ t.— Wfoidale, Torkshiie. 
„ 5. — Dnriukm (Johnrton). 
„ 6.— Oomberluid (Joluutoii). 





1. 


3. 


8. 


.. 1 .. 


6. 


SoIplwlaofliiM... .. 
PboiphatooEliiBe .. 

Alomina and inm 

W»to 

KtnmBn 

AlbJiei 

SUidoBdd 

Sulpbniici Mid .. .. 


9713 

0-18 
0-69 
400 

o'l6 
010 
0-24 


S4 


2 

1 
1 


56 
32 
33 
32 
29 
15 


89-75 

o-'eo 

8-80 
0-25 
0-60 


95-72 

8-'63 
0-76 
106 
0-09 

:: 


95-06 

2"46 
1-32 
1-00 

trace 


94-86 
0-23 

l-M 
292 
0'73 

tlMS 



No. 1. — From the Coal HeBsnrea, Bardie House, Ediubargh. 
Nob. 2, 3, and 4. — Slate rocki, Ardgone, Argjlesbire. 
No. S. — Belig, InvemeflH. 

„ 6.— OantTte. 

„ 7.— Oantyre. 

n 8. — FifWiire (Finfeawr JohiiBtoii). 





L 1 2. 1 a 1 4. 1 B. 1 6. 


7. 


8. 


OMbooateofUine .. .. 

Oxide of iron andtJnjuina 
Inotnnio dlioeoiu matena! 

m\6i .~ 

Water 


SO-52 
0-91 
5-87 
5'M 


89-9990-1489-15 
5-20| 0-31' 2-56 
0-96 0-51] 0-51 
8-72I 9-08 7-48 


93-829805 
1-64| 0-44 
0-99 0-29 
3-65 1-27 


90-9< 

1-ei 

6-40 


660 
9*5 
8-73 

is'-'o 

1-90 
0-94 



Iruh. 
Analyzed by Dr. Hodges. 

No. 1. — Maghsraw, Ccnuity Antrim. 
„ 2.— Glendana, „ „ 

„ 3. — Hoin, „ Down. 

„ 4.— Oulle Etpie. „ „ 
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1. 


8. 


8. 


4. 


Cwbonftteoflimo .. .. 

PhoBp'h»taoflime .. '.'. 
Oiide of iron and alnmiiw.. 
Silioa and insoluble ela; .. 


98-63 
0-38 
010 
0-06 
045 


95 03 
0-55 
018 
2-00 


86-80 
0-76 
0-12 
0-tO 
0-56 


M-40 
1-88 
0-05 
0-*0 
2-40 



From Srown's Cliff, Carlow. 

Analyzed by Mr. Griffiths. 

CwbonBtootUme 95-0 

Silica and iiuolnble cl«j 4'5 

DuWw (Calp). 

By Mr. Knoz. 

Ouboiuto of lime 68'0 

Oxide of iion and alumina 9'6 

Inaoloble 01*7 and uJioa 18-0 

Oigauic matter 4*S 

Analyzed by Mr. Jones. 

No. 1. — Clones, Ocmatj Honagban. 
„ 2. — Newton Oora, Coon^ Oavan. 
„ S.— Beltnrbet, „ „ 



OMbooaleoflime .. ., 

„ miiKneiia 

Oxide of iron and alnminit .. 
BilioB and iuiolable elay .. 



Mtirlough Bay, Bonsai. 

By Apjobn. 

Garbonate of lime 97-14 

„ magneaia 2-32 

Klioa and iiuolnble cla; 0-98 

We have shown by the abore selection of reliable analyses 
— obtained £rom widely separated localities — that in its 
larger deposits this limestone is oomparatiTely pore, but in 
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those vhich are isolated and limited there ia frequent and 
considerable admixture of impuritiee, of such a character, 
however, as to add to rather than detract horn their cement- 
making valae. 

In this formation are found the now famotia caves on the 
contents and form of which so much has been said by 
geologists. The exploration of them made from time to 
time has revealed the existence of hnman relics commingled 
with the remains of extinct ftnimnla. These interesting 
discoveries prove that man was their occnpant not simnl- 
taneoiuly with the animals, but at intervals of time— proved 
by reliable scientific evidence — of great duration. This for- 
tunate preservation of these remains has been due to the 
gradual deposition of the carbonate of Ume — in a state of 
solution — gradually percolating through the fissures of the 
rock, and in its deposition forming stalactite on the roof and 
stalagmite on the floor or pavement of the caves. These 
caves it may be supposed were originally' formed by the 
gradual action of a turbulent and highly agitated sea, pro- 
bably intensified by steam pressnje, at a period long anterior 
to their occupancy by man or his contemporaries. 

By a careful study of these remains interesting evidence 
is obtained of the so-called antediluvian animals, their habits, 
their food, and organization. Such information is, however, 
of a problematical character when compared with the direct 
results obtained from an investigation of the contents of 
these caves. It is impossible to measure with any degree 
of accuracy the period at which man first sheltered within 
their rugged space. Becent explorations of " Kent's Cavern " 
were made under the direction of Mr. Fengelly, who, speaking 
in 1872, says as follows : 

" Coming to the question of time (meaning the age of the 
several deposits in which the bones were found), we have 
gtme back ten thoasaod years at least — that is the minimum. 
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it maj be more — betoK we get through the hlack mould ; we 
enter then the granular stalagmite, and we know from the 
nature of the case that that thickneae of stalagmite must 
indicate an enormous length of time, inasmuch as the stalag- 
tnitic floor cannot be formed lister than the limestone is 
dissolved overhead, and the solatioa of that limestone is due 
to the presence of carbonic acid, and there is no possibility, 
under existing conditions, of any other water entering that 
cavern than what ^Is on the hills as rain. I do not ask you 
to take the thickness of the stalagmite as a chronometer, but 
will tell you a iact. There is in one part of the cavern a 
huge boss of stalagmite rising ap from the floor. That boss 
betokens that its formation was comparatively very rapid. 
Take that rapid rate as the measure. There is on the boss 
an inacriptioD, ' Robert Hedges, of Ireland, February 20, 
1688.' 

" For a hundred and eighty-four years the drip has been 
going on, and it has failed to obliterate that inscription ; the 
film of stalagmite which hss accreted on it is not more than 
the twentieth of an inch in thickness. Nearly two hundred 
years for the twentieth of an inch, and you have five feet 
to account for ! But whatever may have been the time 
necessary for the formation of the stalagmite, the cave earth 
is older still. There is another and more ancient stalagmite 
thicker still ; below that there is another deposit older than 
all, and in that we found human implements." 

Anxious lest his statements should be considered incre- 
dible, Mr. Pengelly adds this by way of confirmation, that 
he was in possession of McEnery's MS. (a previous explorer 
of the same cavern) in 1825, who described the above in- 
scription at that date, and adds ; 

" The inscription then is good for forty-seven years. 
Further, it was not newly cat then, for he (McEnery) says 
the letters are glazed over with a film of stalagmite; in 
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short, bis descriptioa applies accurately to it now. We 
have therefore the best possible reason for believiDg that it 
is genuine in every sense." 

How very modem and even recent appears " Uriconium," 
with its interesting records of Roman occupancy, in com- 
parison with the ondiscovered or untold age of " Kent's 
Caveni," or even the period at which it gave shelter to its 
first human tenant. 

Thus by the discriminating accuracy and observation 
of the skilled geologiBt, fact npon fact proves that this 
" Eent's Cavern " ■ — with others of a kindred character 
widely separated from each other — had been occupied by a 
variety of animals — Bomaa pottery indicating that even 
historic man found shelter therein. The bronze spear heads 
and polished stone celts affirming also the tenancy of the 
prehistoric or neolithic man, while the flint implements and 
the fossil bones of the great quadrupeds prove the contem- 
poraneous existence of paheolithic man. 

During the intervals between one period and the other 
there were doubtless varied climates, ranging probably be- 
tween those of a torrid and almost glacial character. The 
numerous distinct animals created and adapted for such 
changeful conditions most also have been of divers cha- 
racters and constitutions. There are found in these caves 
in confused and intermingled maes^ fossilized bones of the 
hyena, bison, reindeer, brown, grizzly, and great cave bears, 
and man. 

Lowest in the series of limestones, and of doubtful value 
to the cement maker, occurs the 

IUaOKKBIAN OB DOLOHITB LlIfESTONE, 

of considerable extent in this country, having its greatest 
range in a comparatively narrow strip between Sunderland 
and Nottingham. It is sometimes also called the " conglo- 
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merate limestone." The physical peculiarities by whicli it is 
leadily diBtingnished from any of the other varieties of lime- 
stone consist in its texture and colour; the former being 
gtanolat and the latter yellow. Its chemical analysis ia 
somewhat fluctaating. 

The stone used in the constmction of York Minster was 
obtained from this formation ; as also that used in bnilding 
Westminster Hall. The analysis of the former, according to 
Mr. Smithson Tenuant> is ; 

OwbonioMid 4700 

Lime SS-Zl 

Magneaia 19-36 

Iron and ekf 0*40 

100 00 



While that at Westminster Hall is aboat 2 per cent less 
magnesia. 

The following analyses are : 

No. 1. — From Denton, near tha Teea: bj the Ber. J. Holmes. 
No& 2 utd a— Fiom Eldon and Ajolilb: hj Bii Homphry DaTj. 



Oubonate oClime 

Alumina, red oude 

and bitnmen .. 
Water 



2-25 
0-25 



In the neighbotirhood of Bristol Dr. Gilby found a lime- 
stone containing a considerable quantity of carbonate of 
magnesia, resembling in its physical characteristics that 
from Northumberland, which on analysis proved to be as 
foUowe : 
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No. 1.— Piou near the Tillage of Fortialiead. 
„ 2. — Vrom ft point four miles north-west of BriBtol. 



Oubouteof lime 

OiideV ii 

InaolQble O&ttei 

Lo» 

Silica uid bitDBinona nwtttt' 



Lime made &om tbia BtODe is fairly hydraulic, and is gene- 
rally appreciated for building ptirpoeeB. For f^cultoral 
use it 18 unBuitable, owing to the injurious inflaence of the 
magnesia when carelessly or ignorantiy applied. It requites 
great care in burning, especially when bitumen is present 
in the analyds. 

The commission appointed to report upon the most suit- 
able stones for building the Houses of Parliament, selected 
four specimens from this formation, and submitted them for 
analysis to Professors Darnell and Wheatstone, who reported 
as &^owb: 

No. 1. — Belsorei, Derbjahire, 
„ 2.— Hnddletton, Torinhiie. 
„ &— Bawh Abbe;, „ 
„ 4.— PukNook, 





1. 


S. 


8. 


4. 


Oubcoatooflime .. .. 

magneaiB .. 

Iron ud «liimiiw .. .. 

SiUoa 

Wklwudlon 


ei-5 

MS 
1-8 

3-6 
S'S 


5*19 
41-37 
0-70 
iSS 
1-61 


57-5 
89-4 
O'S 
0-8 
1-6 


55-7 
41 6 
0-4 

S-8 



Owing probably to the great abnndance of other well- 
known and easily accessible carbonates of lime, the mag- 
nesian limestone has not yet received much attention from 
builders. 
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The folIowiDg analTses are by Professor Johnston, from 
specimens taken at Langton, Berwickshire : 



Cubomte of lime 



43'64 
S3 -49 
1-06 
21-50 



IrUh. 
A sample from Holjwood, County Antrim, analyzed by 
Dr. Hodges, gives : 

CMbonftto ot lima .. .. 46-33 

„ magneaU 14-11 

Pboaplute of lime 0'31 

Oiideof iroDuidtlamina 2-25 

Silica and iuBoluble Ola; SOO 

Other localities by Sir Robert Eane : 

No. I.— EUkeDDT. 
„ 2.— Coonty Down. 
„ S.— Dublin. 
„ 4.— Sligo. 





1. 


8. 


8. 


4- 


Lime 

Ozidea of inm ahd mug^l 
8iS~V. '.'. V. '.' 


30-13 
21-43 
0-95 
574 
46-65 


30-26 
18-25 
810 

47'2B 


30-2 
20-6 
1-6 
1-5 
46-2 


30-3 
22-1 
0-6 

47-0 



In Germany and France much attention has been directed 
to the manufacture of a cement &om magnesite (hydrous 
carbonate of magnesia), obtained from Frankenstein in 
Silesia. The mode of manufacture is as follows : 

The stone is broken into pieces about the size of the closed 
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fist, and then burned in retort fnmacee, snch as are used in 
gasworks. After being burnt, it is ground by edge runners, 
sifted fine, and at the same time mixed with a certain pro- 
portion of amorphous silica. 

It is used for castings, but cannot compete with plaster 
of Paris. When aqueous solutions of chlorides are added it 
is capable of attaining a high degree of induration. It is 
named " Albolith cement," and is nsed with advantage in 
coating plaster of Paris castings, which, when so treated, 
become extremely hard. 

As a wood preservative it is likely to become osefnl. 
Experiments have been made in saturating railway sleepers, 
but as a prolonged period is necessary to prove its value for 
such a purpose, we must wait some time yet for the result. 
This cement is unable to resist the action of water, and in 
consequence offers no advantage to the engineer in the 
construction of hydraulic works. When setting it develops 
a large amount of heat, approaching almost to the boiling 
point, and consequently when used in glue moulds requires 
special treatment and care. This objection, however, applies 
only to laige castings, for when used for small ones the beat 
is very inconsiderable. 

The above allusion to this new cement is made to show 
that many materials, of which we know and care but little, 
are sometimes, by chemical ingenuity, converted into nseful 
and profitable products. We may perhaps think that there 
is no possibility of getting a better cement than the 
"Portland," but the makers and users of Boman cement 
firmly and persistently opposed the introduction of that 
cement until its merits overcame at last all prejudices and 
opposition. 

Before learing the carbonate of lime division, we vrill 
shortly refer to some of the Staffordshire stones. 

In South Staffordshire there are three groups of limestone 
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rocks, each having a Taiietv of beda of stoae, separated by 
shaly partings, aad belonging to the Upper Silurian formation. 
They are classed in three divisions as follows : 
IsL Ludlow, locally termed Sedghy lione, or Aymestry 



2Qd. Wenlock rocks, producing the Dudley and WaJsaU 

ttOM. 

3rd. Woolhope, &om which is obtained the bam, or 
Hay Head Uvtaione. 
The analyses of these stones are as follows : 

No. 1. — Aymeatry or Sedglej. 
„ 2.— Dudley Castle atone. 
„ S.— Wren's Nc«t itone. 



Oubonate of Urn* 

magneeda 
Oaibonate and protoxide of 



Pboapborfokdd.. 
InaolnUe matter 



I 



0-15 
0-21 
18-38 
0-44 



90-09 

I 1-26 

r Alnmina 

I and Iron 

I 2-30 

0-« 

S-13 

0-7« 



The two following are fairly hydraolio in character : 

No. \.—Wc^a&. 

Moutnro 0*40 

Organic maU«r 5-60 

Oarbonate of lime 76-40 

„ magneda 2-10 

Oiideofinm 2-60 

SillM 13-00 

No. 2.— ^us&oA. 

OaiboaateofUme 6898 

Ainmin* 1-00 

Piotoiide tiud peroxide of iioo 5-17 

Fhoaphorio Mid, && I'TO 

Magaeaia and alkalies .. .. 1-41 

Inaoluble earth; matter 25*66 

LoM 1-08 
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In the same beds are found a finer quality of limestone 
need aa a fins id the manufacture of pig iron ; two samples 
of which give the following analyses; 



Cuboiutte of lime 

„ raagL... 

Photphato of magiieua Bud) 

pbosphorio aald / 

PbtMf)luite of lime, Ircm, man- 1 

gimeae, uid alnmiao . . ../ 

Alnmimt 

Protoxide of iron 

Inaoluble eArthjr mattet 

AlkaliM and loss 

and alkaliM .. 



8-70 



The Woolhope limeetones, locally known aa, 



So. 1.— OaplalD stone^ 
„ 2.— Middle atone, 
„ 8. — Bottom stone, 



have analyses as under : 



iDKilnble matter ,. ., 

Oxides ot iron 

Alumina 

Fboapbate of lime and) 
phccpborle add .. f 

Oarbonate of lime 
Hagneeia and aUcaliea 
Htditiiie and loaa 



70- 00 
1-21 
0'46 



26SS 
1-21 
1-70 



The insoluble matter in these three specimens on analysis 
gave: 

Alumina and ozidee of iron IG'SO 

Silica add and lillcft 77*10 

Uagneda, aUmliee, and trace of lime .. 7-60 

We are again indebted to Rogers' ' Iron Metallui^ ' 
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for the followiog analyses of limestones in Tariona for- 
mations: 



/Biomiiah-nhlte l[inMtone,\ 
. WonieetenhiTe .. 
White ditto, ditto .. 
I rWeatoott itone, Bomenet-\ 

Lype ditto^ ditto '.'. 

Pool ditto, ditto .. 
'Bed mulf atone, neu^ 
, Bott, Herefoidehire ..I 
fWhite limertooe, NewpOTt,) 

\ HoDmoutli f 

fGrej UnuBtoue, B«wdlev\ 
* Forwt ' 



Soma Walh. 
iwn limeetODO, Llu^t-\ 
' \ tock, Breoonshite ../ 

TeUov ditto, ditto .. .. 

Dark bins ditto, ditto .. 

Bnnm Clydaoh, ditto .. 

Ditto, paler, ditto .. .. 

Yellow No. 2, ditto.. .. 

Ditto No. 3, ditto .. .. 

Wlilto. ditto 

Ditto No. 3, ditto .. .. 

Ditto No. S, ditto .. .. 

OreeD, witli ahelli, ditto 

Dark bioini, ditto .. 

Dark bins, Glamorgwubire 

Ditto No. 3. ditto .. .. 
. ('Pink^okmred, PentmoelB,) 

\ GlMnorgnaahifB ., 
I White oiTBtalliDe, ditto . , 

Bongb Munple ditto, ditto 
. (BoB&ooIonred, P;lfl, Q]a-\ 

i moTf^aiuhire / 

; Ditto No. 2, ditto ., 

White, ditto .. .. 

fBlnish white, OUmorgan-\ 

B^ Fentmoel, ditto . 

Btae, ditto 

White Midkio, ditto 
Bed Hachet^ ditto .. . 
Fawn-oolomed, ditto 

Blue, ditto 

White, Bridgend, ditto . 
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White, Bridgend, No. 2, do. 

Tellov Bbudr7, ditto .. 

Black, u«ttr Bwfiiuea 
fFawD - coloured, Vftrteg.l 
\ Moumoathijiire .. ■■/ 

Ditto No. 2, ditto .. .. 

Ditto No. S, ditto .. .. 

Ditto No. 4, ditto .. ,, 

0^7, Hwtnten Valley .. 

Ditto No. 2. ditto .. .. 

Ditto No. 3, ditto .. .. 

White, ditto 

Blae, ditto 

Bed Bisn, HonmontlubiM 

Ditto No. 2, ditto .. .. 
rWhite, LiBDgattook, Bro-\ 
\ Bonghwe f 

Tellow, ditto 

Brown, ditto 

BlBckiBh. ditto 

Fawn colour, ditto .. 

Oreeoiah, ditto 

White, wltb ibella, ditto 
/Fkm oolotir, P«lt Cua,\ 
\ ditto ; 

White, ditto 

Black, GiiTdiff Wharf .. 

B1d(^ Breconahiie .. 

Pink, ditto 

Tellov, Abei^Nn yaller 

Nodnlar litoeEtone, Bnilth 

CryatalB of ditto, ditto .. 

NodnlST, Paik Fum, ditto 

Ni»TH Walh. 
Bine (no localiW) .. .. 
Brown ooaner^tto) .. 
Ditto No. 2 



. Ibeuhd. 
White, Tram Cork .. .. 
Ditto No. 1, ditto .. .. 
Ditto No. 2, ditto .. .. 
Ditto No. 4, BbeUy, ditto 
Gi«7, Limeriok 






These limertonee are yaluable, both as hydraulic limes, 
and for smelting parposes. 
We will DOW proceed to consider other materials of a lees 
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clearly^ defined character, which in many cases only require 
chemical investigation to render them usefnl ingredients for 
cement mahing. 

Chaxe Mabls 
Are to be fonnd in great abnndanoe, and Bome deposits 
could by simple treatment be converted into good cements. 
Snch a sample, taken from the lower stiatnm of the chalk 
formation, offera favourable advantages for that porpoBe. In 
general, however, the analysis of chalk marls is fluctuating, 
and therefore requires car^nl observation. 

Cvbonatooflime 6669 

Silica, iiuolable 19-64\ 

„ BolQbIa 6-45/ "*■"' 

Oxide of inm and slmnina 3'M 

Hagneda 0-68 

Phnphoiia add I-S2 

Such as have been used for bydraolic limes or Portland 
cement have mostly exhibited the dangerous property of 
shrinking during setting. So that it wonld be safer to treat 
these marls under a cement-making procees, and add the 
necessary ingredient which may be found to be deficient. 

It is unsafe to deal with any of the other marls, unless 
when found clear of rand and clayey in character. In such 
condition they may be easily and economically dealt with 
either under the wet or dry process. 

The following favourable analyses are &om Bhoetic beds 
in the neighbourhood of BristoL 

No, 1.— Tariegated Eenper marl 
„ 2, — BUok mw); ihale. 

Specimens dried : 



Carbonate of llnM .. .. S-S7 

Silioate of alumina .. .. 92-97 
Sllioa.*c 8-ie 
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Some of the fresb-water or infaBonal deposits of carbonate 
of lime, resemble in many respects some of tbe marls. They 
are not of freqaent occurrence in this coimtrj, but are abnn- 
dant in Italy and other parts of Europe, as well as North 
and South America. Below are two analyses of a deposit 
from Hanover, No. 1 upper, and No. 2 lower : 



SiliM 

Qxideofinm .. 
Cubontte oT lime 
OrgADM mliBtutce 
Wdter 



The above show a considerable diSerence in the valne of 
separate parts of the same deposit 

The following specimen of this class of deposit was sub- 
mitted to the author to test its value and capabilities for 
Portland cement making. It is from Italy, and an analysis 
by W. P. Eeid gave the following results : 



Bilioo 

Alnmiiia ttnd otjde of iron 

UaKiieaU 

CftTboma&oid 

Water 

Loaa and orgaaio Bubstanca 



2-57 
1'20 
95-42 



This material is of low specific gravity, and contained 
fragments of shells in their original state, diowiog it to be 
therefore a comparatively recent formation. Some vegetable 
fibres were interspersed throughoat the mass, which pro- 
bably had been the remains of plants from the snrfiu^ under 
which it was dug. 

lo conjunction with the above material, and for the same 
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object, a sample of marly clay of a pale yellow colonr (almost 
white) was also sabmitted to the author, and by the same 
analyst was found to be aa follows : 



Alumina and oxide of iion .. 

Hagneaia 

CarboniOBoid 

W»toi 

Look (tnd organic sobstanoe .. 



OobDmt. 


Bcmt 


39-01 


*9*7 




21-37 


19-5S 


2*'80 


8*2 


*M 


U-09 




5-57 




1*6 





specific gravity also light; colour when bamt, pale red. 
The powder clinkered at a light red heat, on occonnt of 
the existence of so mnch lime. Before burning this clay 
exhibited considerable efierroscenoe when treated with 
acids. 

By an accurate amalgamation of these two materials the 
author succeeded in making a first-lass Portland cement He 
submitted the materials to both processes, and by each, with 
little difficnlty, good and satisfactory results were obtained. 
These materials are angularly well adapted for the manu- 
facture of a good cement at comparatively low cost. 

In the various deposits of limestone we have described 
there are to be found innumerable varieties of fossils, 
a study of which would well repay the cement maker from 
the geological point of view, for in that direction much 
information is to be obtained of a useful kind. 

There are deposits from which naiwal Portland cements 
are obtained, such as that at Boulogne, where large quanti- 
ties are made from one of the layers of the Kimmeridge clay 
about 160 feet below the strata in which the "septaria," or 
" Boulogue pebbles" are found. The deposit is argillo- 
calcareous, and in itB natural state is first burnt and then 
ground for use. 
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The analysis of this cement is as follows : 

Lime 6513 

Hftgueflia 0'5S 

SUicft 20-42 

JUamiua uul small qoontity of oxide oT 

iron 18-87 

Sulphate of lime atnwe 

The cement is slow setting in quality, and some ezpen- 
menters attribute to it the objectionable, if not dangerous, 
qoality of shrinkage during setting. 

There is some doubt as to the reliability of this cement, 
and it cannot at all events be equal in quality to an accu- 
lately prepared Portland cement 

At Uie Vienna Exhibition there was exhibited a good 
Portland cement; produced fiom tho two stones, of the fol- 
lowing analysis. 

It was an exhibit from Hungary. 



Alumina ,> 
Oxide oT iron .. 
Oaibonftte of lime 

AlkoUea .. 
Bnlphiiric add 
Caibonio acid 
Water .. ,. 





S. 


S3-10 




1-40 


12-10 










S-20 


0-71 


410 


0-45 




0-28 


S-98 


0-78 


0-40 


0-oa 



We shall now proceed to the discussion of the next most 
important ingredient in cement making viz. : 

Silica. 

Wo have endeavonred to Aow how ahnndaot are the 
supplies of carbonate of lime and their almost universal 
distribution; but even their abundance is eclipsed by the 



3dbvGoOg[e 



81 SOISNaE AND ABT OP POBILUID OBHEKI. 

depoeits of dlica which are to be found in nearly every 
geological formation. They exist in much variety of form, 
from the precious stones of the jeweller to the building 
skmes of the mason. Silica imparts its special characteristic 
to the granites, and its combination with potash, alumina, 
and magnesia produce mica and felspar. Basalt, serpentine, 
lava, syenite, are all silicates, and its presence in soils adds 
to their fertility and valne, while in the iiseM art of glass 
making it is a leading and indispensable ingredient 

It has hitherto been supposed that the deposition and 
formation of siliceous rocks was solely due to the degrada- 
tions and wear of other formations, bnt recent explorations 
of the ' Challenger ' expedition are likely to throw some 
light on the existence of other vital agencies of incessaot 
activity busy in the lowest depths of the oceans. The more 
&miliar physical agencies, sucb as the meleorio, ehemvxd, 
igneous, aqueous, may be regarded as the palpable force of 
the surface, while in the hidden depths of bonndlees seas the 
tiny converters of the raw material carry on their ceaseless, 
energies bidden from our observation, and until recently 
unknown. 

The emerald consists of 68 per cent of silica and 15 per 
cent of alumina, and the presence of from 1 per cent to 
2 per cent of the oxide of chromium imparts to it, according 
to the extent thereof, its beautiful shades of green. The 
opal has from 90 per cent to 95 per cent, of hydrous silica, 
and from 5 per. cent to 10 per cent of water ; its variable 
and changing hues being due to Uie minute traces of per- 
oxide of iron, potash, soda, lime, alumina, &c. 

Major Ross, author of ' Pyrology, or Fire Chemistry,* 
informs the author of the following interesting fact. 

*• I have just discovered that phosphoric acid, to the 
amount of 1 or 2 per cent, is the cause of opalescence in the 
opal, a problem hitherto unsolved." 
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Klaproth'a analyses of sapphire, catseye, emerald, aad 
the pale bloJsh green Siberian beryl, are as follovs: 





SH-pUi.. 


CtMUft. 


l^«»ld. 


B.„,. 


AlnnilM 


S8M 


1-7S 


15-76 


16-25 


OiideoTiwn ..• .. 


100 


0-25 


1-00 


0-60 


L[me 


0-50 


1-50 


0-2S 




Biliua 




95-00 


68-50 


66-45 


Glndne 






12-50 


15-50 


Oxide of cbromiiim .. 






O'SO 








l-«0 


-• 





Amethysts, caimgorma, ^atea, bloodstones, camelians, 
catseyea, onyx, &c., aie only so many varieties of rock 
crystal, the water of which contains the metallic oxides 
which impart the varied tints and colours ; and we may 
r^ard them all as specimens of glass from nature's labora- 
tory and the produce of her unerring handiwork. 

The finest crystals are found in the mountains of Switzer- 
land, Ceylon, Madagascar, and the Brazils, the latter pro- 
ducing the pebbles for spectacles and the glasses of optical 
instmmeDts. 

In calling attention to the silica and alumina division 
of our subject, we will give precedence to the (jlayB which 
are almost invariably used with the chalk, and in combination 
with which produce in the eaaieBt and cheapest manner 
Portland cement. 

Allxjvial Clatb. 

The term "alluvial" is not strictly accurate, as in its 
geological sraise it is mote appropriately applied to the 
deposits of " alluvimn " of a mixed and heterc^neous 
character. It would be more' correct therefore to term this 
deposit one of a water or marine character, and of com- 
paratively modem origin. 

The following observations on the Thames and Medway 
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deposits are, with the exception of local differesces, eqaally 
applicable to other tidal and rirer agency in nearly all parts 
of tlie world. 

The Bo-called allnvial clays are best known to cement 
makers from tlieir local association with the chalks, and 
from having always formed one of the materials used by 
early experimenteis in their search for hydraolic cements, 
those of the Thames and Hedway more especially obtaining 
almost a world-wide reputation, and indeed until the appli- 
cation of chemical knowledge were believed to be the only 
clays by and through which Portland cement coold be made. 

Good selected samples of these clays have been subjected 
to many analyses, but we will confine ourselves to the 
following, viz. No. 1 by Feicbtenger, Na 2 Faraday, and 
No. 3 Becent 







1. 


8- 


a. 


SOioa 


e8« 

ll-6t 

0-75 
U-80 

1-00 


64-72 
24-27 
1-89 
7-U 


70-56 






Oxide of Iran 
Bod«andk&U .. 

Bods 

Poladi 

Cariwnlowid ... 


:: "f:JS} 


806 

S-95 
8-48 



Owing in some measure to the &Tonrable source of its 
origin &om the wasting and degradation of the diffl and 
shoree of Ibe Me of Sfaeppy, and Kent, and Essex, it is 
found abundantly, and in certain localities of unexception- 
able purity. These cli& and shores are much exposed to 
climatic and marine action, and owing to their being situated 
for the most part on the Lcmdon day formation, readily 
succumb to each degrading action. The clay so detached 
is readily taken up by the water, and the more soluble parts 
conveyed to considerable distances, according to the state 
and velocity of the tides. 
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At the time when the Hedway clay was first used as a 
cement-makiiig agent, there were extensive tracts of saltings 
or marshes in the estuaries of the rivers Thames and 
Medway fotined by this sea; action. These marBhes when 
embanked or reclaimed became in that protected state 
valuable grazing land, in high repatation for cattle rearing. 
Around the coasts there are many similar reclamations, 
the most important of which occurs in the counties of 
Cambridge and Lincoln, by which an estnarine bay, seventy 
miles long and upwards of thirty in breadth — formed &om 
the denodation of the Eimmeridge and Oxford clays — ^by 
engineering skill has become perhaps one of the most fertile 
districts of this country. 

This fine river clay became an object of consideraUe 
valne to the cement maker, from the facility with which 
it can be amalgamated with chalk, and continues to be 
used by the cement makers whose works are situated on the 
banks of the rivers Thames and Medway. In the condition 
in which it is excavated there is a lai^e amonnt of moisture, 
estimated by Pasley in his experiments to be ^, or more 
than one-half of its gross weight. The deposits are of varied 
character, consequent on the condition of the water during 
their period of deposit ; in calm weather during neap 
tides, securing the best conditions for the deposition of the 
finer particles, and during spring tides and high winds, the 
coarser parts of the wasted shores were precipitated from 
their waters of solution. The use of this clay may be 
ascribed to the fortunate circumstance of Pasley having 
selected Chatham as his point of experiments. This was in 
1828, and it is probable that Aspdin — whose first patent was 
dated in 1824 — in his remote field of practical investigation, 
remained ignorant of Fasley's discovery. 

Deposits of pit and other clays are to he found in various 
conditions of purity in almost every district of this and 
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other conntries, from the finest porcelain clay to the commoD 
kinds of brick earth. 

The poregt porcelain clay (KboUd), according to Forch- 
hammer's aoalysiB, is 



SiKca 


.. 470 


Alomina 


.. 89-2 


Water 


13-7 


while FhillipB giTea it aa follows : 




Bilk. 


.. 7115 


Alnmina 


.. 15-86 


tJ"" 


.. 1-92 


Water 


.. 6-73 



Other ezaminBtioQB differ in value, as shown by the 
following analyses from specimens obtained at MosI, near 
Halle. Ka 1 (washed) by Forchhanuner, No. 2 (raw) by 
Stephens, No. 3 (raw) by Michaelis. 



Bilica .. .. 
AlnmiDa.. 
Ozido of boa.. 



HBgnesla 
Oaitiomo 

Potash 
Water 



I 



A sample from Cornwall has 



Doraetilure Olayt. 
Kos. 1 and 2, and No. 3 nndried. 



Ikid oride 
Alkaline earths 
Bnlpbateof lime . 
Water .. .. . 
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Potters' clay is of variable qnality, aad requires to be 
used with mach care. Its diemical valne ranges thus : 



10 



per oent. to 58 per cent. 
„ to38 „ 

r, to 7 „ 

to 15 „ 



White Okof, near BriOol. 

Silica 68-99 

Alomina 22-71 

Water 13-30 

100-00 

Again we have — especially in the "coal measure" — 
abundance of fire-clays of high cement- making valae. 
Those in Staffordshire, and Stoarbridge in Worcestershire, 
are the best known, from their having been long used in the 
manofactnre of bricks for iron making, and other purp(»es. 
The following analyses exhibit their silica-alnmina valne : 
Na l.~White fiie-cIay, Tunirorth. 
„ 2.— Black c1b7, 
„ 3. — Burnt claj, Blotubridge. 
„ *.— Cl»j, Tintem Abbey, 
„ 5. — Olay, Ambleeote. 
„ &— Beet Olaaihonae alar, Ttmwoiih. 





1. 


8. 


S. 


4. 


B. 


6. 


siiiw 


69-87 


57-45 


67-69 


72-75 


70-32 


75-99 


*!„»,!.,», 


33-49 




27-91 


22-87 


26-42 




Protoxide <rf iron .. .. 


3-01 




2-33 


2-18 


1-04 






1-42 




o-es 


D-68 


0'S6 




HagDeda 


0-31 


0-15 


0-11 


0'22 


0-43 






trace 


trace 






1-40 





Analyses of the celebrated Dinas fire-clay by Dr. Percy : 



AlDmiDa 

Piotosldeof iron . 

Potaaa and aoda . 
Walei combined 



0-72 
0-18 
0-22 
0-14 
O'SS 



0-4S 
019 
0-20 
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Analysed of an artificial plastic so-called " Dinas-crystal," 
made by Messrs. Beith and O'Brien at Bonn. No. 1 analyzed 
by Dr. Carl Bischof, and No. 2 by Dr. H. Seger. 



Silica .. .. 
Alnmiiu .. .. 
Oxide of iiDD ,, 

Carbonio ftcid, w 



Tbe above is a yellowish-grey mass containing grains of 
quartz. It neither shrinks nor expands in the fire ; but does 
not resist soch high temperatures as the genuine Dinas 
brick. 

Clay from the river Mersey, near Liverpool, gives : 

Silica 37-79 

AlumiuA 21-S8 

C&ibonate of lime ) 40-GT 

Bulphateof limeandoudeorinm ../ 

This clay has been used for cement making in conjunction 
with Xiondon chalk. 

It is evident from tbe above varieties of clays on tbe 
sea and river shores, or in other deposits, whether formed 
by tbe predpitation of degraded rocks or through volcanic or 
organic agency, that abundance — if not unlimited quantities 
— of clays can be commanded by the cement maker. 

A valuable cement-making clay can be obtained from 
the deposit known as the " ganlt." The analysis gives : 

Biliw 46-61 

Alumina 16-00 

CubonateofUnte USS 

Oxide of iron 6-07 

Alkaliu 6'ie 

Scotch Fir&^ys. 
No. 1 .— Gamhirk, nmr Glaagoir, 
„ 2.— Outooeb, H „ 
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Silica .. .. 
AlnminK.. .. 
Protoxide of inn 



37-00 
1'16 

0-24 



In the selection of clays &om thk groap, great care 
should be bestowed on the examination of their mechanical 
or physical character, and preference given to those, where a 
dtoice is possible, of most perfect homogeneity, and capable 
of the readiest oonversion into a state of plasticity. 

For blending with amorphons carbonate of lime (chalk) 
the alluvial clays are very suitable, and daring the first 
forty years of the "Portland cement" period commanded 
the sole attention of the mannfactnrer. Their capacity of 
easy and simple conversion to the required purpose led to 
a hap-hazard system of manufacture, and a total disregard 
of the chemical element in the process. 

To show what care is exercised in the selection of clays 
for cement making on the Continent, we give the analyses 
of days sdected and analyzed by Dr. Michaelis. 

No. 1. — From the ptoviooe of Saxooj, on tha Elbe. 
„ 2. — FnuD Pomerania. 
„ S. — From the 17pp«i Hutz. 
„ 4. — Fiom BrandeDbiug. 







S. 


3. 


4. 


nntoa . ., 


eo-06 


S9-25 


60-00 


62-48 


AI„mln. 


17-79 


28-12 


22-22 


20-00 


Oxide of iron .. 


7-08 




8-99 


7*33 


ij™ , , 


9-92 




4-18 








2-80 


1-60 


lie 








1-49 




Soda 


0-78 


1-60 


0-72 


087 



These clays resemble those of the Medway in tiieir analyses, 
bat are found in a more economical form in a dry state. 
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We Bhall DOW proceed to consider other more clearly 
defined eonrcee from which silica &ud alamina can be 
obtained, with the advantage of being more reliable in 
character and free from the inconvenieuces attending the 
use of river days. 

There can be no doabt, as we here admit, of the ex- 
tremely favourable circnmstaDCes which snrroand the mann- 
fiuitarer of Portland cement; in the so-called "London 
district," and the cement makers so happily situated have 
no desire to alter the stereotyped character of their esta- 
blished processes. They are, however, limited to the nee of 
the chalks and clays, for within their reach (with the excep- 
tion of flints) there do not exist other materials for their 
purpose, but if there were, their adoption would necessarily 
involve an ondesirable chmge in the economy of their works. 
Flints famish a valnable auxiliary to the cement maker 
by their being almost pure silica. Elaproth gives the 
analysis as, 

BtUoa 9S-00 

Lime ' 0-SO 

AlamtDft .. 0-25 

Ozideofiion 0-25 

Water I'M 

The specific gravity being, according to Brisson, 2*594. 

Flints are of rarious shades of colour, from grey to black, 
and are found sometimes hard enough to scratch qnartz. 
It is infiisible when in a state of purity, bat becomes white 
at a moderate temperature. The most abundant deposits 
are found in the upper bed of the chalk formation. On 
exposure to air and water they become yellow, and in that 
condition are known as ferruginous flints, such as are found 
in gravel beds, which by the action of water have been 
rounded by attrition. It is difficult, if not impossible, 
to grind flints in their natural state fine enough for amalga- 
mation with limestone or chalk, but when tliey have been 
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ezpoeed to the temperature of a dull red heat they are 
easily ground to a fine dost oi powder. 

A cemeut has been prepared, called " Chalcedony cement," 
from flints, by H. Friihling, at Bliesshastel. In a desciiptlon 
of the process he aays : 

" Flints of the right kind are a good substitute for dear 
cements, when they occur in sufficient quantity and where 
the machinery of a cement moau&ctory is at hand for their 
conversion." 

He prefers fresh-dug flints from their original bed of 
depoeit, and when in that state reduced to a fine powder, act 
similarly to pnzzolana. This powder, when mixed ia the 
following proportions, produces a good hydraulic mortar. 

One part of slaked lime, a quarter part of powdered flints, 
and three parts of sand. 

Flints containing a large percentage of lime melt at a 
high temperature into a vesicular and semi-transparent slag. 
The right temperatnie for roasting the flints is produced 
by a mixture of from 9 to 10 parts of flints to 1 of coke, 
and the operation performed in a common kiln. It is, 
however, preferable to use a kiln with a regenerator, as the 
flints need not in that case be so finely broken and the 
temperature can be regulated by the homer. 

After bnming, crashing, and grinding, the product is a 
light bluish grey angular powder, partly soluble in a solution 
of caustic potash, and giving a gelatinous paste when im- 
mersed in concentrated muriatic acid. Exposure to the 
atmosphere has an injurious effect on the powder, and it 
should, therefore, to avoid deterioration, be packed in 
casks. 

The best way to use the powder is to mix it with equal 
parts of rich lime, to which add from 2 to 3 parts of sand. 
The mortar thus prepared binds or sets very slowly, and 
resembles in character those mortars made with rich limes 
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and pnzzolanas. After from three to fire days it resists the 
action of water, and gradnally hardens until ultimately it 
excels all similar preparations. Mixtures of burnt flint or 
chalcedony cemeot, mixed with lime in the proper pro- 
portions, make a good Portland cement, but at a cost too 
high to permit of such application where siliceous clays or 
marls are cheaply accessible. 

However, in one direction, this cement appears to be most 
valuable, and from its colour could be used with advantage 
in wall decorations, either in exposed or sheltered situation& 
For this purpose (for which it appears to be invaluable) 
it is used in the following proportions: Tiz. — 1 part of 
lime paste; 1 volume of flint cement; and 2 parts of white 
sand. 

In these proportions it produces a white shining plaster, 
which becomes extremely hard. The trowel used for polish- 
ing its suriace should be made of copper. 

The main object of this division of our treatise is to point 
out the existence of snch materials as possess in a high 
degree the necessary elements of snccesafnl cement making, 
and obtainable in districts where the cost of London cement 
is practically prohibitory of its use. 

When a proper and intelligent acquaintance with the 
chemistry of our subject has been established, the engineer 
or architect can, without any fear or misapprehension, secure 
the cement for bis work at almost any point where a snfB- 
cient quantity may be tequired to warrant its local manu- 
foctme for special purposes. 

Having thus directed attention to the mud or clay de- 
posits associated with the chalks, we will next consider the 
valuable deposits of sUica and alumina of the lias formation, 
so fortunately allied aud intermingled with abundance of 
carbonate of lime. 
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Id the comparatiTely limited qnarriee of the lias diatrictB 
widely scattered in remotely separated connties, we are 
unable to jndge accnrately of their extent or value. Uatil 
recently they were need only as sources for hydraulic lime, 
in the mannfactTire of which the valuable shales were 
regarded as waste. Id Warwickshire the excavatioDS have 
beeD carried on at depths limited only by the cost of quarry- 
ing and the water to be kept clear of the qoarrymeQ ; but 
in Leicestershire — more especially the Barrow district — the 
excavations are litoited in depth, and when the required 
rock has been obtained, the ground is levelled and again 
resumes its original agricultural aspect. In Warwickshire, 
moro especially, much atteution is now given to the manu- 
facturo of Portland cement, and many of the hitherto re- 
jected beds of stone and shale are becoming more valuable, 
and instead of being buried at considerable cost are utilized 
for cement purposes. There is but a small percentage of 
these deposits suitable for simple lime making, and that is 
only found near the surface. There have been some at- 
tempts to make a natural cement from one of the beds, 
but owing to an excess of carbonate of lime, there is too 
much risk and danger attending it to warrant its cou- 
tinnance. The disproportion of the shales to the stones, 
amounting generally in the proportion of from three to 
six of the former to one of the latter, entails an expense 
which makes the cost of the stone when saddled with the 
rejected shales a heavy item in cement making, in these 
otherwise iavonrably situated districts. It should be seri- 
ously considered by the proprietors of these quarries whether 
it is politic to send off the hydraulic lime in such quantities 
as to render the conversion of the shales into Portland 
cement comparatively impossible. 

For the reasons before given it is difficult to give reliable 
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analyses of these shales, but the two following of lias claya 
in Somersetshire will give some idea of their valne. 

No. 1. — Greea lower liai. 
„ 2. — Lower lias olay. 



SUioft 

Alu mina 

Sulphate and oaibonate oH 

lune, and oxide of iiuD ..I 

Water 



1. 


2. 


84-50 
29-05 


33-75 
17-92 


17-20 


M-83 


19-85 




100-00 


lOO'OO 



The majority of the lias shales contain a considerable 
portion of crystals of iron pyrites, so mnch so indeed in some 
beds as would in favouiable oonditions of the sulphur market 
pay for its extraction, and leave the shale pure and in the 
best condition for cement making. The external charac- 
teristics of these shales when freshly quarried are most 
variable ; but it is found by experience that thoee of fine 
and even texture are the most suitable for cement porpofles. 
It wonld be safest to deal with Uaa shales direct, and have 
the chemical valae of each bed accurately ascertained, for 
in the heterogeneous coodition in which they are fonnd 
when promiscuously heaped up in the spoil banks they would 
be a source of trouble and anxiety in consequence of the 
diversity of their analyses. 

In the more irregularly and less defined deposits of 
Somersetshire, Worcestershire, Yorkshire, and North and 
South Wales, there is much less, and indeed in some in- 
stances au entire absence of the shales or clays. They have, 
however, an advantage over the inland deposits of having 
the command of sea transit, and of being generally within 
the reach of an economical supply of fuel. 

Oolitic clays are not so abundant or so pure, although in 
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the depoeite of Northamptonshire daya of a reliable charaeter 
are of eaej obtaiumeDt. An exceedingly Cavoiirable section 
of thiB fonnaticm is commanded by the London and North- 
Western Railway cutting between the stations of Blisworth 
and Boade. If not so prolific in shales, there are abundant 
beds of silica of varied character intercallated between the 
beds of stone, which would serve as good substitutee for the 
clays. 

In the carboniferous or mountain limestone formation 
there is a scarcity of clays, and except where it comes in 
contact with the gritstone, the supplies of silica and olamina 
are uncertain and limited in extent In the North Derby- 
shire division there are considerable deposits of basalt, known 
locally as toadstone, duustone, &c., and in the north-western 
niai^;in a fringe of shales of considerable depth. In both 
of these localities abundance of silica is to be obtained for 
admixture with the limestone. The beds of shale have at 
various depths layers of septaria &om which might be pro- 
duced a good Boman cement. The shales, however, are of 
varied character, generally impregnated with iron pyrites 
and sulphur, and therefore to be cautiously used for cement 
making. The following analyses are from the shales near 
Buxton: 



Not. a and S.— Hud sh&le*. 



Analyzed by W. F. Reid. 





1 >■ 


S. 


8. 




19-78 


50-67 


57-00 


Alumina and oxide of iron 


2907 


28 '37 


24-33 


MBgnoda 


.. ' 111 


1-98 


210 


MannoeM 




traoe 












Water 


12-84 


1235 


12-27 




537 






Alk»U«iaDdHilpbar .. .. 








Ironpjritca 
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Witli these sltales in conjnuctioa with lime waste and 
limestone — under the author's patent — a large quantity of 
Portland cement is now being manofactnred by the dry 
process. The site of the works being favoorable for a cheap 
supply of fuel and within the easy reach of good markets 
for the sale of their produce. 

The author has also made an excellent cement with the 
loadstone and mountain limestone. The anal^is of the 
former by W, F. Reid is as follows: 

Silica 43-59 

Aliiminit 18'46 

Oxideofuoa 10-92 

Lime 10-64 

Hagnena 6-39 

Water 2-21 

Oatbonio aoid 4 '41 

Alkaliea 3-31 

The presence of carbonate of lime indicates a partial 
decomposition of the sample, which was in a slightly dis- 
integrated state. 

Analysis of Derbyshire toadstone by Dr. Witheriog: 

Specific giBTitf 2-3 

Silica 63 

Alomina 14 

Carbonate of lime 7 

Oxide of iron 16 



The toadstone is a basalt, having a somewhat earthy frac- 
tore, and when exposed on the surface becomes pulverulent, 
forming a fertile soil whereon timber grows luxuriantly, con- 
trasting agreeably with the otherwise sterile limestone tracts, 
in which they may be regarded as the oases. The presence 
of intrusive basalt in this district is interesting not &om its 
novelty, for it is found similarly placed in other parts and 
in Ireland and Scotland, but &om the peculiar manner in 
which it is imbedded between the limestone deposits. It 
seldom exhibits itself on the surface, at least rarely in corn- 
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parison witli tlie extent of the oonntiy it traverses. Tlie 
bedfl vary in character, some being basaltic and compact, 
others again earthy, Tesicolar, and amygdaloidal. The dis- 
tingoiehing and most g^ieral term toadstone in Derbyshire 
ia called in Gterman "todt stein," or dead stone, such de- 
signatiim being applied to its non-taetalliferous character, for 
lead veins fanning throngh the limestone are cat off at their 
contact with this empted rock ; the term toadstone of the 
Derbyshire miner originating doubtless in the resemblance 
to the spots on the back of the toad, more especially when 
the rock partakes of an amygdaloidal (almond-shaped) cha- 
racter.* There are varioas names applied to this basalt, each 
as black stone, dnnstone, channel, black clay, &o., bat they 
are of parely local significance and without scientific value. 

The lead mining operations carried on from a remote time 
in this part of Derbyshire, and at an early period of geological 
knowledge offered favourable opportumties for the study of 
diis basaltic rock and its influence on the sorrousding rocks. 
An early geol<^caI observer, Mr. Whitehniat, in writing on 
this toadstone in 1792, observed as fisUows : 

" A blackish substance, very hard ; contains bladder holes, 
like the aooria of metals or Iceland lava, and has the same 
chemical property of resisting acids. Some of its bladder 
holes are filled with spar, others only in part, and others 
again are quite empty. This straium is not laminated, but 
consists of one entire solid mass, and breaks alike in all 
directions. It does not produce any minerals or figured 
stones representing any part of the animal or vegetable 
creation, nor any adventitious bodies enveloped in it ; but is 
as mnch an oniform mass as any vitrified substance what- 
ever ; neither does it universally prevail as the limestone 
tirata; nor is it like them equally thick; but in some 
instances varies in thickness from six to six handred feet 

* It ii pouible^ howmet, that the name edbj be an mherifauwe fi'oiD the 
Oennaa ininen who weie empkijed in oooietit Umea in this part of DerbjrBhire. 



3dbvG00g[e 



100 



BOIENaB AKD ABT OF FOBTLANS CXMXNT. 



It is Ukeviee attended with other circnmetanceB which leave 
no room to doubt of its being aa much a lava aa that which 
flowB from Hecla, VesoTius, or Etna. 

" All these ciicomatances plainly evince that toadBtone 
was formed by a very different law from the others, and was 
greaUy posterior to them ; for the beds of limestone must 
have been formed before tiiey were broken, and broken 
before their fissures were thus filled up ; therefore we may, 
with much reason, conclude that toadstone is actual lava, 
and flowed from a volcano whose funnel, or shaft, did not 
approach the open air, but disgorged its fiery contents 
between the strata in all directions." 

More recent and perhaps better-informed observers have 
arrived at a somewhat similar conclusion, and the following 
analyses confirm these views, at least so for as the chemical 
question is affected. 

No. 1.— BawJt, Staflbrdahire, by ElaproUi. 
„ 2.— BMftlt from Fingftl's Cave, t^ Btreng. 
„ 3. — BrmII horn tbe Gituihi' CaiuewBy, by Stieug. 
„ 4.— TtMditone, from DerbyBhiie (before quoted), by W. P. Beid. 





1. 


2. 


3. 


4. 


Silica 


48 


4780 


62 I» 




Aliunine 




I4'80 


um 




Oxide of iron .. .. 


16 


1308 


11 '40 








009 


032 






90 








Potub 




0-86 




} ».3, 


Soda 


40 


2-48 




MagTwdtt 




6-84 


646 


639 




1-0 








CWbonio „ ., .. 








4'41 


Water 


5-0 


1-41 


1-19 


2-21 



In the neighbonrhood of the Giants' Causeway the basalt 
rests upon the hard or indurated chalk, and is generally 
separated by a bed of clay of varied depth. Thb day being 
deficient in lime and alkali is probably the result of dis- 
integration from the parent basalt rock. 
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The analyses as onder of this day and the saperincnm- 
beot basalt ate, Ko. 1, clay, by Ibr. Upjohn, and No. 2, basalt, 
by Dr. Eennedy. 



Silica .. . 
Almnins-.. . 
PBTOiideof in 

Soda 

Horiatia noid . 
Water .. . 



48-00 
16-00 
16-00 



These chemical estimates of loDg extinct Tolcanio action 
have their analogous tepresentation in active modern erap- 
tioDS at the Faroe Islands and Iceland. 

An analysis of the former lava or basalt by Dnrooher 
pves: 

Bilic* *6-80 

AlomiDa. 14-40 

Oiideofiioii 12-20 

Oxide oT mauguMW 2-80 

Lime 10-I« 

Uagnada 9-58 

Soda and potaah I'lO 

Water 300 

Other lavas : 

No. I. — Heivner, analyzed I7 Glrud. 
„ 2. — Wickensteio, Bilesia, b; Loeire. 
„ S. — Unnuat (Haate Loire), by Ebelmeu. 
„ 4. — Eger, Bohemia, by E 





1. 


8. 


8. 


«. 


Hlioa 


62-96 


44-90 


361 


43-4 


AlDmina 


16-46 


18-71 


3C 


S 


12-2 


HagDctieosideofiion 


5-32 






















PeroudeofiroD.. .. 






4 


3 


8-5 


Lime 


8-79 


12-90 


fl 


9 


11-3 


Sr^ :; :: 


ft-B2 
3-60 


7-14 
e-B8 






6 
9 


9-1 
2-7 


Potaah 


1-19 


0-68 


c 


f) 


0-8 


Water 






16-0 


4-4 
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Lava from Etna (emption 1669), by Loewe : 

BiUok 48-83 

Aloniiiia 16*15 

Fntoxide of iron 1S-S2 

.. .. OM 



Hagnerift 4-98 

Sodft .. .. 3-45 

PolMh 0-77 

The conjonction of tlie basaltic or silica and alnmina- 
be&ring rocks with the crystalliDe chalk — ^before referred 
to — render the manufacture of Portland cement is the 
locality of the Giants' Canseway a matter of easy attainment. 

For mannfactnring purposes basalt has already been used 
to a considerable extent for constnictiTe and ornamental 
architecture. The expetimeots were made frvm the " Rowley 
rag," a basaltic product obtained at the village of Bowley 
Begis, seveu miles from Birmingham, having analysis aa 
follows: 

sale* 46-0 

AltuniiiA 16-0 

Protmide of iron 19-S 

Lime 11-0 



Tolsttle m 

The fusibility of basalt was proved at the beginniug of 
the century, but no attempt to ntilize it was made until 
1851, when Mr. Adoock patented a process for manufao- 
taring the Bowley basalt into various useful articles. The 
inexpensive raw material was, however, more than countei^ 
balanced by the high cost of the required fuel of manufac- 
tura There were two processes adopted for the fosioa of 
the refractory basalt, in one of which crucibles were used, 
placed in a reverberatory furnace, and out of which was 
poured the molten rock into ordinary sand moulds, pre- 
viously heated and afterwards allowed to cool slowly in the 
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OTOiB io which they were moulded or cast By this process 
window sills, pilasters, coping, &c., wete produced. The 
oUter process for the prodnction of roofing slates was similar 
to that used for the mannfactare of plate glass. The fiised 
basalt was cooled ODtil it became plastic, and in that con- 
dition placed on a metal table and rolled to the required 
shape and thickness. Sheets meaBuring 8 feet by 3 feet 
8 inches were thos formed, and weie capable of resisting the 
wearing action of the atmosphere, being lighter than sUtes 
or tiles. By this process a Tariety of forms could be pro- 
daced, and the sheets coald be cnt by a diamond, like 
glass, its specific gravity being abont the same. 

This industry was carried on for nearly three years, and 
was then disooationed owing to its not proving a commercial 
success. It succumbed to the overwhelming expense of first 
establishmeut The initiatory experiments and large cost 
for moulds and other appliances were too much for this 
infant industry. Although a financial failnre, it established 
the practicability of converting this natural basalt into 
useful and graceful forms as aids to tiie architect The best 
examples resulting from this industry are to be found in the 
Edgbaston Vestry Hall, built in the Anglo-Norman style, 
the columns, window pieces, doorways, and ornamental steps 
being made from the melted Bowley rag. 

The molton mass, when cooled suddenly, was converted 
into blac^ obsidian, or volcanic glass ; but when allowed to 
cool slowly, resumed its original crystalline basaltic struc- 
tnre, without any apparent difference beyond the obliteration 
of the lines of cleavage. 

Since the time when these successful attempts were made 
great strides have taken place in the knowledge and appli- 
cation of heat for all purposes of manufacture, and it is 
just possible that this improved knowledge might yet lead 
to a more proaperoos conversion of the Rowley rag. 
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Id the Dorth of England, near Newcastle, occots s basalt, 
known locally as the " whin sill," and closely associated with 
the carboniferons limestone of that district. Geologists 
have differed as to the mode of its formation, bnt it ia now 
regarded as an introsiTe rock, as originally classed by Pro- 
fessor Sedgwick. It appears to be similar in many respects 
to the Derbyshire "loadstone," and is found in horizontal 
tirata, forced by the pressore by which it was originally 
impelled between the planes of bedding. 

Here again exists, in one of the most favonrably ciTcom- 
stanced localities, in juxtaposition, all the elements of suc- 
cessful cement making, favoured in a high degree with the 
command of cheap fuel and advantageous outlets by sea 
and land. 

The basalts, from which are obtained the most useful 
materials for road and street pnrposes, whether in the form 
of broken Macadam or setts for paving, oCcnr in the dis- 
tricts of Shropshire and North Wales — of the former from 
Clee Hills, and the latter ranging from Portmadoc in the 
west to near Conway on the east coast of North Wales. 
In Mlanchester and Liverpool these materiids are used almost 
exclusively, unless where in the less populous districts, and 
where the traEBc is but light and limited, the gritstone setts 
are considered sufficient. The excellent condition of the 
streets of Manchester is entirely due to the foresight and 
judgment of the engineer of that city, who may fairly claim 
the merit of raising it to the position of the best-paved town 
in England, and who has availed himself, with advantage, 
of these readUy accessible materials. It may here be men- 
tioned that after an experience of many years the larger 
setts have been superseded by the smallest, which are now 
only " 6" X 4"," and prove the most suitable for the large 
and heavy traffic of this great manufacturing centre. 

There are now several patents for the utilization of the 
slag from iron and uthor furnaces, and conaderable a 
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has been attained in making building bricks &om this 
material. Tbere is, bowever, some danger to. be appre- 
hended from the action of the weather. In Staffordshire 
it has been foand unprofitable to macadamize the roads 
vith the waste slag, owing to its liability to disint^:ratioD, 
and its use is now abandoned, Bowley rag and Welsh basalts 
being substituted, at a rery mncb greater cost. In &ot, 
the waste slag cost was but nominal, &om its abimdance in 
the iron-making districts. 

In the neighbourhood of the carboniferous limestone for^ 
mation, near Eendal, in Westmoreland, we find a favourable 
cement-making material in great abundance. It is a slate 
deposit, of imperfect cleavage, although tolerably compact 
and even In texture. Its analysis by W. F. Eeid is ; 

SiUoa 6027 

Alumina 18-48 

OxideofiTini 7-13 

Lime 0'89 

Hagnena S-62 

Oxide of mangaoMe S-17 

Wfttef 4-45 

The river Dee, in winding through the vale of Llangollen, 
in North Wales, intersects at several points the limestone 
and slate deposits, where the manufacture of Portland cement 
could be performed with more than ordinary advantage, 
and where, owing to the moistnre of the climate, it could 
be used for many purposes where its present cost is all bat 
prohibitory. 

An analysis of the Welsh dates is as follows, and does not 
differ essentially from that obtained near Kendal : 

Bilioa 60-50 

Alumina ]9'70 

Ptotoxideoriioii 7-S3 

Lime 1-12 

Hagncela 2-20 

PoUsh 316 

Soda 2-20 

Waler 3-30 
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Fasley, in hia experiments, tried a mixture of chalk, witb. 
slate dost, bnt probably owing to his imperfect knowledge 
of the cbemistry of cements (then in its infancy) he &iled 
to prodnce an hydraolio cement He tried variouB pro- 
portions, bnt found all of them oziable to withstand the 
action of the water on being immersed. In the description 
of these experiments Pasley quotes an analysis of slate 
made by Kirwan, which was : 

Bilioa 88 

Alnmlna 26 

UagneaiA 8 

Farosideof iron 14 

a very different result from those we have gives above. 

Analyses of two varieties of Slate from County Tyrone, Ire- 
land, No. 1 being a quartz slate, and Na 2 an imperfect 
clay slate. 



Sitfoa 
Alumina .. 
Psroiide of ir 

Water .. 



J 



6702 
U-92 

it-se 

0-73 
2-41 

s-se 



52-45 
12' 01 
17-92 
7-72 
608 
862 



In Ireland there are large deposits of slate materiab in 
many parts of the country. 
A clay elate (roofing) analyzed by Abniseon. 

BUioa 50-01 

Alnmina 84-74 

Protoxide of iron 3-73 

Uagneaia 0-87 

Soda .. .. 0-04 

Potaah 7-21 

Water 327 
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Before oondndisg ttus rather interesting part of our sub- 
ject we will refer to another important soorce from which 
silica and almnina can be readily obtained. In Uie igneons 
or Platonic formations of almost universal distribution innn- 
meiable varieties of rooks abound, closely resembling one 
another in chemical valne. 

The lavas and pnzzolanas will have our first attention, 
from the fact of their being so well known as the agents 
of hydranlicity used in the preparations of the early hydrao- 
lie mortars. 

The well-known and active volcanoes of Teeavins and 
Etna emit abandonee of silica and almnina in varied con- 
dition, which, in their natural state, on being mixed with 
caostio lime, render it hydraulic. There are numerons 
examples of the success which has attended snch combina- 
tions, as illostrated by the experiments of Smeaton, Ticat, 
Berthier, and others. 

The following are some of the analyses of this class of 



No.l. 

n 8.- 

H 6.- 


-Flora near Borne, ky Berthier. 

-From Vamffas, by TmL 

-From Grater of Honti Nnoro, by AUoh. 

-From Lriaud of VivMa, by Abich. 

-Fiom Temriiu dnriiig ila emptiaD la Ootober 1868, by 

SUTMtri. 






1. 


a. 


8. 


4. 


B. 


BiUoB .. 


44-5 


46-5 


56'8 


61-0 


89-0 


Alnmuw .. 




15-0 


10' 5 


15-3 


18-7 


14-0 


OndooTiron 




12' 


Z9-S 




18' 6 


18-0 


LinM.. .. 




8-8 


100 




7-1 


180 


PotMli .. 




4-7 
1-4 






4'7 
2'9 


80 
10 
















Cbtorine .. 














Wftter .. 




9-2 


O'SS 


6-7 


4-6 
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Santorin earths and trass are clpsely allied in chemical 
Talae to the aboYO, as is shown by the following analyses : 

No. 1.— Traas, b; Berthlw. 
„ 2.— TrasB, by Vioat. 
„ 3.-— Santoiin earth, hj Elmer. 
„ 4. — Bontoria etuih, by F. Bohulze. 



Alamiab 
Oxide of ima 

Hagnesu 

Potash 

Boda 

Water 

Chlorine 



Again, trachyte, trachytio porphyry, phonolite, andeeite, 
obsidian, pumice, and other kindred Toloanic products, aie, 
with slightly varying proportions — ^though generally exceed- 
ing them in silica value — similar to the above, and whether 
as unaltered mixtures with caustic lime, or more elaborately 
prepared combinations with carbonates of lime, they are 
alike deserving the consideration of the cement maker and 



In some countries varioua volcanic deposits are the source 
from which are obtained blocks for building. In his recent 
voyage in the 'Challenger' Six Wyville Thomson came 
across the following interesting evidence of the most primi- 
tive use of tti&. He says : 

" The sixteen or seventeen iamilies who reside on the 
island of Tristan d'Acunha, which is about half-way between 
the Gape of Good Hope and Cape Horn, have suffered so 
much from violent gales that they now build their cottages 
of blocks of stone — a sort of soft volcanic tafa — ef four or 
five feet square, in order to enable them to withstand these 
storms. The wind was sometimes so violent that these 
blocks, when beiog brought down from the quarry, were 
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lifted bodily by the wind. As there was no mortar on the 
island, all the stones were dovetailed into each other, and 
it was cnrions to see the people building these cottages. 
Very frequently wrecks occurred on the island, and a 
nnmber of lai^ spars were picked'up on the shore as the 
remains of lost vessels. They got two or three of these 
spars, and, laying them up against the wall at a low 
angle, had them carefully greased, and, by a method which 
was known to have been used in Assyria and Ancient 
Egypt, they gradually moved on rollers, and slid up these 
blocks to the top of the wall, when they were fixed in tiieir 
places. Tristan d'Acnnha is one of a little gronp of three 
islands, one of which is called Nightingale Island." 

The next class of rocks to which we will call attention 
are abundant in this country, viz. the extinct volcanic 
products in England, Ireland, and Scotland, in the shape 
of granites, traps, and basalts. Their reputation as building 
and paving agents is too well known to require any de- 
scription in that direction at oar hands, and we will there- 
fore confine ourselves to pointing out their chemical value 
in relation to cement making. 

Granite from a geological point of view is the primary 
rock on which all other formations rest, and which we may 
reasonably infer contributed largely in supplying some of 
the materials at least of all subsequent formations. The 
mighty and varied agencies through and by which this 
marvellous primeval rock was deposited, and the influences 
it exerted on all future geologies, are too remotely connected 
with our subject to require much consideration. The 
abundance of these rocks in Great Britain and Ireland con- 
tributes in a high degree to the picturesquenesa of the 
locality in which they occur, and render attractive remote 
districts which would otherwise be nninteresting, as they are 
in an agricultural sense valueless. 

Granite must have had its origin from sources of 
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great depth, and after eniption cooled and crystallized 
slowly imder the influence of enormoos pressure. Mr. Sorby 
ID his microscopic exatninatiope proved the existenoe of 
cavities containiog fluids, from which he calculated, according 
to their extent or volame, the relative depths at which 
granite was formed in diSerent localities. He thus esti- 
mates, that the granites of the Highlands of Scotland 
indicate a pressure of 26,000 feet of superincumbent rocks 
more than those of Cornwall. This would depend, however, 
on the temperature at which these rocks were consolidated. 
Granites vary considerably in mineralogical character, and 
their texture is influenced by the flnctnating qualities of 
felspar, quartz, mica, &c, of which they are composed- 
They do not exhibit much diversity in their chemical ana- 
lyses, as the following selection shows : 

No. 1. — Lwge-gtained grenite, &om Strajtberg, in Bilesia. 
„ 2. — Luge-gnuned gtfuiile, fiom Fox Book, neu DQbUn. 
„ 5. — Fiue-gniaed gnnite, &om Heidelberg. 
„ 1.— Hedinm-gnined granite, bom Blaokstain Honnfaun, 

Coont; Wexford, Ireland. 
„ 5.— Gniute, bom Bareoo, Italy. 
„ G. — EgypttAD gmnito, or syenite. 





1. 


8. 


8. 


4. 


6. 


e. 






7800 


7211 


78-20 


74-82 


70-25 






Ifl 


(M 


15-60 


13-64 


16-14 




Oddeofiron 


2-58 


2 


44 


1-53 


1-72 


1-52 


[2-50 


Oxide of manganeae 


0-57 






0-36 
























0-27 


a 


11 


0-34 




0-47 


1 


















Boda 


2-61 


a 


iB 


827 


318 


615 






0-53 






0-83 








Lou 















The granites are comparatively neglected, and their valu- 
able properties in consequence continue a blank to the 
artisan and mannfactnrer. Attention is, however, being 
directed to them in some directions, and a good example of 
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how mnch may be aooompliBlied by an mtelligent appli- 
cation of scientific or teclmical knowledge is ahowu by the 
treatment of the raw material &om which the beaatifiil and 
much-admiied Beleek porcelain is made. The rock is an 
orthoclase granite found near the works at a point where 
the waters of Jjough Erne flow into the river Erne. The red 
orthose felspar retains ita crystalline form in its original 
beauty and perfection, and when calcined becomes white. 
The iron which separates itself during calcination is extracted 
by magnets from the powdered clay when in a moist state. 

Granites from Finland, osed for making bottle glass, 
analyzed by Strove : 



Silka 

Tibtnio add 
Alumina .. 
Penixide of ii 
Proloxide of 1 
Pfotoside of 1 

HagnMU 

Boda 
Water 



I. 


a. 


75-06 


77-71 


0-86 


0-48 




10-13 






107 


2- IS 


tnce 




1-01 




019 


0-21 


6-M 


4-60 


a-56 


1-8S 




0'44 



The porphyries approximate closely in chemical resem- 
blance to the granites, as shown by the following analyses : 

No. 1. — Qiuurte porpIiTry, bom the Htrti HoDnteiiia. 
„ 2.— Quartz porphyry (ElTanite), from County Wexford, Iroland. 
„ 3.— Bose-oolonred qnutilferoiu porphyry, from Gr«aTille, Canada. 



SiUca 
Almnina.. 
Oiide of i 

Hagnesia 
Potash . 
Soda 
Water 



I. 


2. 


8. 


74-44 


72-33 




13-61 


8-97 


12-M 


2-29 


7*8 


3-70 


1-19 


1-98 


0-90 


0-01 


twee 




6-31 


2-07 


S-88 


1-40 


5-83 


S-30 


1-34 




0-60 
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GreeDBtone (Diorite, Diabase, &c.) is, like baeolt, granite, 
&G., of igneooa origin. 

The following samples are horn the " Sanctoaries," St. 
Menan, Cornwall : 



Alumiiu .. 
Oxide of iron 

Hagneaia 
Potash .. 
6oda 

Solphtu .. 
Salphmic aci 
Titanio acid 
Water 



47-66 
1750 
21 -91 
4-20 



22-49 
4-10 

2-15 
5-8S 



Dolorite, as the origin of the name indicates, is a rock of 
deceptive and uncertain character. 

No. 1. — Fko) Fifeshlre, Smtland, aoalTied hj Drjidale. 
„ 2,— Frem St. Aiutell, Comwall, bf Ebelmen. 



Bilioa .. . 
AlumiDa . . 
Protoxide of ir 



Peroxide of in 

HAffoeda 
6o£ 



45-20 
14-40 
11-00 



12-70 
G-S5 
5-22 



Some years ago a cement factory was established at Radstin, 
near Prague, for making cement from greenstene (Diabase) 
in combination with primitive and transition limestones. 
The analysis of the greenstone (Diabase) was : 

Onbonateoflime 2-60 J 

„ Duigiieaia .. I'OO I Amonnt nluble in acid. 

Oxide and protoxide of iron,! ,„.oa I Together, 19-90 peroenl. 

with little aliUDiaa .. ■■/ .' ) 
BilicAtea 7925 
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The limestones were, No. 1, primitive limestone from 
Cimelitz ; No. 2, transition limestone from Foditz. 



Carbonate of lime .. 



Oxldo of iron and ftl nmlna ^ 

Silica 



»7-00 
2-00 



97-05 
1*41 
1-40 



The limestone was bnmt and then slaked, with which the 
powdered Diabase was intimately mixed in a pasty or semi- 
plastic state. The facility with which the Diabase fiised 
resulted at first in obtaining only vitrified balls. The Dia- 
base was more finely gronnd, and the result was a clinkered 
mass of the required quality. The burning took place in 
Hessian cracibles in a blast fiunace, after which the 
crucibles were allowed to cool, &om which the cement was 
taken and groond. It was proved tiiat a long continuous 
heat was more beneficial than too high a temperature. 
It was found that the best proportions were three parts by 
weight of bornt lime to two of Diabase, which was equivalent 
to from 80 to 32 per cent of silicates to from 68 to 70 per 
cent, of lime, and the soluble compounds of the Dia- 
base. The high percentage of iron in the raw mixture 
resulted in a dark^colonred cement somewhat slow in setting, 
but otherwise possessing the usual characteristics of a good 
Portland cement 

Serpentine is another rock of metamorphic origin, and 
may some day become an important ingredient in the eco- 
nomy of cement making when the exact influence of mag- 
neeia has been ascertained and valued. 
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The specimens from which Hie following aaalyses are 
made were obtained as follows : 

No. ]- — Bed KTpoitiiie, bom Efiutme &;, OmwalL 
„ 2. — Light gieen Mrpentine, from Galwaj. 
„ S. — Dark green wipentine, &om Col-da-Pertius, Tosgee. 
» 4.— Green homogeneous seipentiae, from Oxford, Oauadft. 





1. 


9. 


8. 


4. 


euiw 


88-29 


40-12 


40-83 


40-30 


Alnmiaa 




200 


0-92 




Proloiide of iron 




3-47 


7-39 




Oxide of manganese .. 






trace 










0-68 


traee 


Magnaaia 


S4-24 


40-01 


87-98 


69-07 








1-50 




Water,*). 


12-09 


15-36 


10-70 


13-35 



Witheiite, or carbonate of baryta, has been nsed with 
considerable success b; Di. Jnlius Aroa in making a cement 
which in some of its characteristics and properties exceeds 
in ralne the best Portland cement The baryta was used 
instead of limestone mixed with clay, obtained firom the left 
bank of the Oder, at Stettin. 

The analysis of the baryta was: 

Baryta 69-29 

Caibooioadd 22-95 

Lime 3-85 

Beddne,*). 3-20 

indeed almost a pare carbonate of baryta. 
The clay used bad the following analysis : 

Silica H-82 

Oxideofinni 6-38 

Alomiiia 17-21 

Carbonate of lime 2'39 

„ magneds .. ,. 2-14 

Potaah 8-09 

Soda 0-92 

Sulphur 2-12 

Oarbonioaoid 2-61 

Water, tc 7-58 
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ProportionB varying from 5-75 to 4-26 parts of baryta 
were mixed with one part of the clay. The first mixtnies, 
6*75 and 5'01, after being finely ground were burnt in a 
sample kiln with the following results : 

No. 1, 5 '75 baryta and 1 clay, after being submitted to 
the heat of the kiln for forty-seven minutes, produced a 
clinker of a dark green colour. The reenlting powder was 
grass green. When mixed with water it developed great 
heat, amounting to 50° C, increased in volume bo much that 
it could only be retained in the mould by immersing it in 
cold water. In fifteen minutes afterwards the mould was 
taken out of the wat«r, and it was found that the cement 
was still sofL When it hardened in the air the cement 
became as hard as stone, but immersed in water again it 
became gradually soft, 

No. 2, 6 -01 baryta and 1 of clay, was burnt quickly, 
gave a grey powder, and developed considerable warmth 
when mixed with water, and the mixture was of a dark 
bluish green and set rapidly, but became soft when immersed 
in water. 

No. 3, 4 '64 baryta and 1 of clay, burnt in forty-two 
minutes, gave a dark green clinker, from which was obtained 
a grey powder. An increase of temperature was almost in- 
appreciable when tittle water was used. In five minutes the 
cement set so that it could leave the mould and be marked 
with a lead pencJL A change of colour in the cement arose, 
turning from an ashy grey to a dark bluish green. After 
several days' immersion in water the samples became soft. 

No. 4, 4*26 parts of baryta and 1 of clay. The clinker 
of this mixture was dark green, the powder being ashy grey, 
and on mixing it with water an increase of temperature 
took place. In ten minutes the cement had set, and after 
four hours the nail could make only a slight impression on 
it. This cement also, however, when put in water softened. 

i2 
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For BO far these experimente indicate tliat baryta cement 
possessed dififerent qualities &om that made &om carbonate 
of lime, and was in all the proportions tried deficient in 
hydraulic value. The silicate of baryta, which is analogoos 
to the silicate of lime, appears to be far more soluble in 
water. 

Another experiment was tried with the proportions of 
369 parts of baryta (witherite) to 100 of the clay. The 
clinker prodaoed was dark green and the powder ashy grey. 
When mixed with water it set slowly, and appeared to be 
deficient in cement-setting properties. In the morning, how- 
ever, after having been mixed sixteen hours, it attained great 
hardness, and had slightly loosened itself from the mould. 
Its tensile strength was tested, and, compared with Stettin 
cement^ exhibited the following results. 

Stettin cement, eight days old, 5 square centimetres 
section, broke at 86*400 kilos. = 17*280 kilos, per square 
centimetre ; at eighteen days old, similar section, it broke at 
121'350 kilos., or => 24*270 kilos, per square centimetre. 

Baryta cement, with the same section, of 5 square centi- 
metres, broke as under in sixteen hours, 135'300 kilos. = 
27*060 per square centimetre; showing, therefore, that a 
good Portland cement (which the Stettin cement is) in 
eighteen days did not eqnal the baryta cement sixteen 
hours in the air, A sample of this cement, after four days' 
hardening in the air, broke with a teneile strain of S0'220 
kilos, per square centimetre — a strength never attained Jrom 
cement made of carbonate of lime. 

These proportions having resulted in such satisfactory 
breakings, a larger quantity was made of the same mixture. 
The samples were made up of 214 grammes cement to 
40 grammes water, which was found to be the best pro- 
h portion, and again, in comparison with Stettin cement, ex- 
hibited the following results : 
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No. 1. 

Pwre Steliin Portland Gemenl. 



nMofSMi-s. 


A(L 


8Mtt«L BnkliigWd^l. 


p«-,.omt. 


ISminntw. 


4 day*. 


Siq.oent. 71-55 kilo^ 


14-31 kUoB. 



On»-half Sidim Cement mixed with one-half Baryta Oemeni. 
ISminntea. | 4da;i. | Ssq.oeat | 127-05 MIob. | 25-11 kiliw. 

Pure Baryta Cement. 

56 minntee. 4d»yB. Ssq. eeut. 812*00 kike. 62-40 Uloa. 



All tbe three samples had lain under water dnring the 
fonr days, and the result is good evidence that slow setting 
cement of any fahrieation in the long run proves the best. 

Further experiments were made with the baryta cement 
with the following results : 



24-86 UlcM. 
53-46 „ 
42- 09 „ 
53-11 „ 



The analysis of the cement &om which these experiments 
or tests were made was : 

BUic* .. .. 17-04 

Peroxide of infD 2-83 

Alumina 4-S8 

Baryta 69-27 

Lime 4'7S 

0-74 



The results of these interesting experiments are given ■ 
for the purpose of showing that a cement much excelling 
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Portland cement in its highest values can be made without 
chalk. It is not possible to introduce such a manufacture 
in this country, owing to the scarcity and valae of witherite, 
but where great strength is required in works above water, 
this expensive cement might be used with advant^e. 

The samples were very heavy and highly indurated, so 
much 80, as to admit of beiog polished like marble. 

The specific gravity of the witherite, or carbonate of 
baryta, i8 4'S, chalk being ouly 2 '3, and the more compact 
limestoDes 2 - 6. 

Gneiss, a rock of frequent occurrence, and which usually 
prevails in the immediate neighbourhood of granite, for 
which it is sometimes from their great similarity mis- 
taken, is to be found in almost every geological age, and 
is regarded ae the original stratified rock, from which con- 
dition it has been metamorphosed by the action of the 
molten granite. To such an extent has this change in its 
primary structure been carried as in many instances to ob- 
literate its original stratified character. Originating in all 
probability from the detritus worn &om the granite in the 
then troubled and perhaps boiling seas, the metamorpbic 
action by which it sabsequently became changed destroyed 
nearly all trace of its aqueous origin. The main character- 
istics which distinguish it are the presence of irregularly 
laminated veins of striated combinations of mica, quartz, and 
felspar, very frequently, indeed, it may be said invariably, 
distorted into folds and convolutions of the most com- 
plicated character. 

This rock is represented as occupying nearly one half <A 
tlie north of Scotland, is frequently met with in Ireland, and 
Devon and Cornwall 

With this rock we will conclude our reference to the 
natural producing silica and alumina sources. In doing 
so we would call special attention to the necessity for a 
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carefol eelection of these materials, guided by a previons 
physical and chemical examination. Some of the granitee 
contain qnartz in an anfarouj^ble form for cement-making 
porposes, and by prefereoce those of the fine-grained kind 
should be selected, where a choice exists. 

Wherever any of these rocks ate obtainable, in their dis- 
integrated condition, they shonld be preferred, except when 
by their exposnre to the atmosphere the alkalies have been 
washed away. 

In this necessarily harried and somewhat imperfect de- 
scription of the natural depositories or etorehooses accessible 
to the cement maker for his purposes mach has been orer^ 
looked, and probably also a good deal carelessly described. 
We shonld, however, nnder whatever shortcomings oar efforts 
may be sorrounded, hope that a desire for further inquiry 
may be aroused, and if so, we feel sure that a new era will 
begin for the cement trade, and its valuable powers and 
capacities be made more generally useful. 
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ARTIFICIAL S0DBCE8 FBOM WHICH 80HI1 CBMBHT-MAKINO 
MATERIALS UAT BE OBTAINED. 

Iron Slag. 
Wide as we have endeavoured to show the field of selection 
from which may be obtained all the necesBory materials for 
the manufacture of Portland cement in the Tarions geo- 
l(^cal formatione, and which may be r^arded aa tiie 
natural supply, there are still to be found valuable supplies 
of an artificial character. Of those varying in importance 
and quality we may select as most noteworthy the slags of 
yarioQS kinds resulting from iron making and other allied 
industries, the waste lime heaps rejected by the lime 
burner, the gas and soap lime wastes, as well as those pro- 
duced in the alkali and alum manofactures. 

The abundance of the slags, lime heaps, alkali, and almn 
wastes in the various districts in which they occur, cannot 
but strike with surprise the simple observer, who must think 
that these industries have been of a more than usually 
profitable character to permit the waste of sudi apparently 
useful materiaL The iron and chemical trades of this 
country, however, have had such long runs of prosperity in 
times pastas not only to render the manuiacturers indifferent 
to the extent of the waste produced by their operations, 
but has also led to a most suicidal treatment of the 
minerals, as well as their extraction from their various beds 
of geological deposition. 

A general survey of our mining districts would exhibit 
an amount of accumulated waste — both from coal mining 
and iron making operations — of a formidable character. In 
the coal districts the immense heaps of calcined shales in- 
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dicate the existence of some arbitrary clause in the leases 
compelllBg the leasee to such a mode of destraction. In 
many of the more favourably circumstanced districts, where 
the shales are in some degree bituminous, much yalnable 
material has thus been dissipated. These heaps are, how- 
ever, now beginning to be utilized in certain districts as 
ballast for railways and also as a mixture for concrete build- 
ing. For both purposes they are exceedingly well adapted. 

We shall first consider the slags from their now in many 
districts attracting considerable attention, owing te their 
suitability for conversion to building purposes as well as 
with the bnmt shales used by railway companies for bal- 
lasting the permanent way of their lines. 

In an industry like iron making, carried on in widely 
separated districts, and dealing with ores and fuels of diverge 
character, we are sure to find the resulting wastes differing 
much in their chemical value and physical characteristics. 

In the following analyses we have selected those best 
suited for illustration from a cement-making point of view, 
and the cognate process of slag brick or block making for 
building purposes. 

Table No. \.—8lagtfrom Sovih TFo/ea. 
(From Rogers' ' Iron Metallurgy.') 





Tawny oinder dag. Nantyglo 


1 


1 


1 


ji 


1 
1 


IT 


1 


1 


50 


26 


4 




14 


8 




2 


Blaok aoonriiig ditto, Blaisa 


52 


IS 


2 




12 


28 


12 




Ditto ditto, ditto .. .. 
Black Mlid bUk, TredeRBr 
(Gief gbsa; ditto, Ebbw| 

Black solid ditto^Rh Vmn^ 


16 


2S 


3 




10 


24 






41 


34 


2 


2 


8 


23 






47 


34 


8 


1 


12 


3 






44 


24 


4 





18 


18 






Ditto ditto, Dowlaia.. .. 


48 


22 


2 





16 


12 




8 


Yellow K.lid ditto, Cjferthfe 


42 


30 


2 





14 


10 




S 


Ditto ditto, Blsenaron . . 


46 


31 


4 





11 


10 




10 


Black »oUd ditto, Nantyglo 


4G 




2 





14 


12 


2 
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From Clarence fnrnace, Durham, smelting Cleveland 
ironHtone, analyzed by (1) Bell and (2) Percy, both of whicli 
show a considerable increase of lime over the above tables of 
SonUi Welsh ekgs. Used in the Bessemer process. 



Bilica .. 
[ Almnim <■ 

UagDena 
Pnrtoxideof 

I Bnlphor .. 

' Potash 

I Sodk 

! PhoopboTDs 



1. 


B. 


27-68 


27-65 


22-28 


24-69 


40-12 


40-00 


7-27 


3-55 


0-80 


0-72 


0-20 


0-35 


2-00 


1-95 




0-46 




0-99 




0-26 



Table No. 2. — Sundry Biatrids. 

(From Phillips' ' Metallurgy.') 

Analyzed (Nos. 1 and 2) by Riley, (No. 3) Forbes, and 

(No. 4) Dr. Percy. 



Iron Blag, Wedneabuiy,) 

SteffoidahiK .. .-J 

Ditto, Dndler, WoTce»-l 

, tenbiie J 



14'i83S-( 



2-02 2-8 

iisio-a 



It will be observed that the analysis of slt^ produced in 
preparing for the Bessemer convertoi is unusually favour- 
able as a cement-mahing agent irom the high percentage of 
lime it contains. 
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Table Na 3. 
(From Dr. Osbom's ' Metallurgy of Iron and Steel.*) 





EMlew HiJI, WigBO, pnA 
dnoBd bom Hematite pig- 
iioQ for the BeaMmei 

wood ware / 

Cleroluul biMt fanuce .. 

Dittodilto 

Anthnoite blut hrnMSJ 
OBrtibexrie and Oonn, 
near Qlatgow .. .. | 


1 


1 


1 


1 


1^ 

1^ 


1 




1 

2 
8 

4 


SIM 

S2-81 
»2W 


S2-00 

S4-90 
MM 

S8-72 


8-50 
23-82 


7-46 
7-83 


0*79 

059 
046 


2-38 

018 
009 

«-89 


2-96 

1-78 
1-88 

1-85 



The sven^ composition of English and Belgian slags 
producing foundiy iron by coke hot blast is : 

Siliea SO'OO 

Alimina ' 23-00 

Lime 27'00 

Daonemora, Sweden, elag from Bessemer pig process. 
Charcoal blast 

Silio* 46871 

Alamiu 4-301 

time 86-640 



HogtMsiB 

Protoxide of irai 
UanganeK .. 
Pota«h 



Slags from furnaces at Lemington, Xortbumberland, 
making Bessemer pig-inm, by Proctor. 



8ilio» 

I Protoxide of iron . 



Hagneaia 
Protoxide of m 

Snlphar 

Snipbide of caloiom 
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Buffalo, New York. ADthracite furnace using red hema- 
tite ore. 

Protoxide of iroD 055 

SUi« 39-35 

Alumina 13-66 

Lime 37-63 

Bnlphateof mftgnesia 3-G5 

„ maogoaese .. .. 2-40 

Bttlphtu 2-42 



At Middleeborough and other parte of England the con- 
Tersion of slag into bricks and blocks for building hae been 
conducted with success. For foundations on which heavy 
engines and machines are fixed it has been for a long time 
used. For such purposes a Tar3riag proportion of caustic lime 
has beeu mixed, as well as gravel and broken fire-bricks, with 
satisfactory results. A specimen of a piece of concrete so 
prepared for a foundation to receive the weight and shock of 
a large steam hammer is in the poBBesBion of the author, and 
it compares favourably with the best prepared Portland 
cement concretes. There is, however, some discrimination 
necessary in selecting such slags as exhibit on analysis the 
smallest percentage of sulphur, or its sulphates, or sulphides. 
For foundations in dry situations such percaution is not so 
necessary, bat when building houses or similar structures an 
excess of these deleterions sabetances would result in ulti- 
mate disintegration. 

At Osnabriick an artificial stone is prepared and moulded 
into blocks &om the G«orge-Marie iron works. 

The slag in this case is dealt with direct from the blast 
furnace, and is brought into contact with cold water, by 
which operation it is graoulated. In this state it receives 
an addition of from 15 per cent, to 25 per cent of lime, and 
is then passed through an ordinary mortar mill. This 
mixture, from its want of cobesivencse, cannot be treated in 
the usual brick-forming machines, but is submitted to a 
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treatment somewhat analogous through the agency of a 
specially constmcted machine of the following description. 

A horizontal box, from either end of which a piston is 
pressed forward to its middle or centre, where is situated the 
hopper by which the machine is fed with the prepared 
material. When the exact quantity required to make one 
of the blocks has passed into the box, both pistons are 
pressed forward, thus completing the final process of com- 
pression. This being accomplished, one of the pistons is 
drawn back, the other following with the moulded brick ontil 
it reaches an opening, into which it drops, and &om thence it 
ia carried away by bands or other similar arrangements to 
the stacking grounds. The box and its accurately fitting 
pistons are of the required form or section it is determined 
to make the brick or block, and may be altered according to 
circumstances. 

Bricks thus moulded &om such a preparation do not 
require a larger amount of pressure than may be necessary 
to expel the air — at least theoretically ; for practically no 
brick-forming machine has yet accomplished this deside- 
ratum, as the indurating process is brought about by the 
chemical formation of silicate and carbonate of lime. 

At these works there are five presses in operation, whose 
combined produce amonnts to 30,000 blocks per day. One 
hundred tons of slag is thus consumed in the fabrication 
of a day's production. During the year 1873 six millions 
of bricks were thus made and nsed in the constroction of 
pablic and private bnildings. The cost was 27s. per 1000, 
and the weight about 7^ lbs. each. It appears to the author 
that the cost is high, and could be done on more &vonrable 
terms in this conntry. 

On a carefnl examination of the various analyses of slags 
it will be seen that in many of the specimens it would not 
require mnch addition of lime, and certainly not any very 
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expensive treatment to convert them into a good Fortlaod 
cemeDt. At all eveDts, it is desirable that, when pncti- 
cable, sach a eonversioD, or for that of baildinga, blocks should 
be eotertained. It is obvious that any operation or treat- 
ment of the slag, direct from the furnaces, would result in 
great advantage to the ironmaster, whose interest is cer- 
tainly mixed up with its utilization. 

With such a vride-spread and almost unlimited field from 
which slag can be obtained, the moat doubting need not 
entertain any fear of its being exhausted. With the ex- 
ception of Ireland, inexhaustible deposits abound &om the 
north in Scotland to South Wales, and between these ex- 
treme points a wide field for selection exists. The compa- 
ratively recent discovery and employment of the argilla- 
ceous iron ores of Northamptonshire has led to the erection 
of blast furnaces within seventy miles of Londou. Ireland 
is happily circumstanced in having abundant deposits of 
iron ores, bnt the absence of cheap fuel for its profitable 
conversion necessitatee its shipment to Scotland and Eng- 
land. Ita export of ores now reach nearly 150,000 tons per 
annum. 

Waste fbom Lime BDBNnra. 

Whether we regard the waste accumulated in the chalk 
districts of the south principally in its natural conditi<m of 
carbonates of lime, or whether we examine the deposits of 
lime and its hydrates from the lime works in the carbonife- 
rous and other formations, their extent and difioseness is 
remarkable. 

In the Medway valley Portland cement making has re- 
duced tills waste to a minimum, but with this exception, 
these deposits are continually increasing, unless we may 
notice the slight impression made in the carboniferous lime- 
stone district of North Derbyshire, where there is being 
made, under a patent granted to the author, a good market- 
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able Portland cement; whicli finds a ready eal© in Lanca- 
sliire and elsewhere. 

The analysis of this waste is, as might be imagined, some- 
what Tariable in character, owing to the fluctuating quan- 
tity of shale and unconsiimed coal with which it is mixed. 
An average sample, analyzed by W. F. Beid, givea the 
following results: 

Btmd 9-80 

SDlphor 1-11 

Silica 4-00 

Carbonio add .. .'. S'SS 

Line 52-13 

Magnesia 0-S6 

Almninft and oxideof iron 8-19 

Water 26-24 

This material is essentially a hydrate of lime, and from 
its absorbing so much moisture requires, before treating it 
as a cement ingredient, the necessary degree of heat to 
render it snfScieutly desiccated to be operated upon by the 
reducing machinery. The carbonic acid in this analysis 
is due to the absorption from the atmosphere after baring 
laid to waste, and its amount would be fluctuating according 
to the time of ite exposure. In the neighbourhood of the 
deposit from which this specimen was obtained there may be 
procured examples in a state resembling quicklime to those 
as hard as rock, which can only be separated from the mass 
by the aid of a hammer. Indeed, where an improvement was 
made in a turnpike road passing through an ancient waste, 
the operation of quarrying had to be resorted to. 

Although this waste has been for the first time thus 
utilized, ite nse as an ingredient in mortar making has been 
for a long time recognized, and in Manchester and other 
parte of Lancashire and Yorkshire large quantities are em- 
ployed for this purpose. When passed through a carefully 
controlled mortar mill, in combination with good sand, it 
makes an excellent mortar. To obtain the fullest benefits. 



3dbvGoOg[c 



128 SOIEKOE ANS ABT OF POBTLUTD OSHENT. 

however, it ia necessary that the burnt shales (prodnct of 
the inferior quality of coals used in the process of lime 
making) should be as finely comminuted aa possible. The 
new waste — wliich is practically caustic lime, combined «itl) 
the shale and nnbumt stone — is generally used, althongh 
for some purposes a proportion of the old partially recar- 
bonated waste is mixed. In the numerous deposits within 
the BnstoQ district wastes exists ranging in quality from 
that newly deposited Irom the kilna in a free or caustic state, 
'to those probably exceeding a century in age, and almost as 
hard as the stone from which they were originally obtained. 

Bam and cottage floors are commonly made of this 
waste, and when carefully rammed and made perfectly 
compact in texture they are durable, and, especially in the 
mountain districts, are in much fovour. Floors of this or 
a similar kind are common in the south of Elngland. The 
earthen bam floors on the Cotswold Hills are thought to 
be superior to any, except those of oak plank. The ma- 
terials Qsed are the calcareous earth of the subsoil, mixed 
with freestone chippinga, in equal quantities, and worked 
up dry; the sorfoce being levelled, it is beaten with a 
flat wooden beater, similar to that used by gardeners for 
flattening lawns. These floors never crack, and are soon 
ready for use. 

Yiigil, in tlie 'Oreorgica,' while describing the various 
implements of the Boman cultivator, and directing his 
attention to the best means of rendering his occupation 
successful, amongst other things mentioning the necessity uf 
a good granary floor, says : 

" FiiBt on the Soar be all thy &rt bestowed. 
Level iti plain beneath the roUer'B load ; 
The claj well wrooght should feci thj griping hand, 
And binding chalk conaolidalc tho land, 
I«it chopped the earth, b; arid dost aabduod, 
Should nonrish weeds, and variouB Termin breed." , 
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It is somewhat nnaccouutable that so much waste has 
thus been permitted to accomolate, and its continoance 
after better systems of barning bad been elsewhere adopted 
with sneoess. There is now, however, a desire to adopt a 
more rational ^stem of lime making, and when Hoffinan's 
or other kilns oonattncted on a sound scientiSc basis have 
been substitnt«d for the antiqnated ninning kilns the 
quantity of waste will be but trifling. Indeed, theoreti- 
cally, with a well designed and rationally managed ring 
kiln there shoold be no waste at all. There is probably 
in some distiicta much difficulty in substituting any of the 
improved forms of kilns for the old ones. One strong reason 
is the necessity for burning a local and cheap coal, which 
could not be used in those of the ring-kfln type as well as 
where a limited quantity only is needed, as a obamber kiln, 
from its requiring to be kept continuously at work, would 
provide too much lime for local wants. In a district well 
supplied with railway acconunodation, this might be in a 
degree overcome by concentrating the various small works 
into one convenient centre, whereby the latest and most 
approved appliances could be brought to bear with ad- 
vantage. 

These waste heaps are generally in close proximity to the 
other ingredients, in the form of shales and clays. At pre- 
sent their cost is merely nominal, and even supposing their 
further increase to cease, there is au abundance in many 
districts to supply the cement maker during this century at 
least That good Portland cement is being made from this 
source establishes its value in that direction ; but, like 
every other snpply of the carbonate or hydrate of lime, 
it must be converted in the locality in which it lies, as no 
expensive carriage for these materials can be tolerated. 
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Alkali Waste. 

This waste exists in considerable abondance, bnt its loca- 
lity is limited to the seats of the alkali' maonfactoriee, the 
more important being those in liancaehire, Northumberland, 
and Scotland (Glasgow), The lime waste last referred to 
baa no injurious influence in its character, and the damage 
incurred by its deposits is confined to the destraction of 
vegetation on the soil which it overlies. In that produced 
from the alkali waste a very different result is brought 
about, for not only is the atmosphere rendered noxious 
in and about the locality of mauu&cture, but vegetation 
for long distances is seriously checked. This damage has 
been at all times a source of great loss to the mann- 
iacturer in meeting the compensation demanded for the 
injury which his operations have occasioned, and has in some 
instances led to the outlay of large sums in the erection 
of high chimneys, which hare failed to remedy the evil, for 
while partially suppressing the nuisance in the immediate 
vicinity, they hare created a more distant nuisance, which 
until then had not been felt. The legislative measures, 
now become very stringent, will, it is hoped, cure tiiis evil ; 
and in doing so, prove a boon to the ntasn&ctnrers them- 
selves by the economization of the waste gases, which, while 
being absolute loss from a mannfactoring cost point of view, 
contribate by their wide-spread distribution external loss 
of a very expensive character. 

Some attempts have been made te render this waste avail- 
able 08 an ingredient in the manufacture of Portland cement, 
but owing to the la^e amount of sulphur present in such 
heaps no appreciable success has been attained. The author 
was consulted some years ago by one of the largest alkali 
manufacturing firms in the St Helen's (Lancashire) district, 
with the view of utilizing their waste, and made a series 
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of ezperimente to aBcertoin its suitability for FortlaDd 
cement makiiig. It was found, however, that the Biilphate 
of lime prevented the fabrication of a perfectly hydraulic 
cement, although for ordinary purposes, such as concrete and 
mortar, it might hare been anitable. This firm at that time 
were making large quantities of waste, and difScalty had 
arisen in the easy and cheap obtainment of suitable and 
coDTenient depositing ground, thereby involving a large 
outlay in carting the waste firom their works. Had these 
ezperimeDts been regarded as at all satisfactory, the firm were 
prepared, and it would have paid them, to erect Portland 
cement works. 

Since the time of these experiments de-sulpburing pro- 
cesses have been resorted to for the recovery of the sulphur, 
and it is possible that better BDCcees might now attend the 
treatment of the purified waste. It is not claimed for any of 
these processes that the whole of the sulphur is recovered, 
but the amount extracted leaves a much better chance of 
making a good cement. 

In the localities in which these wastes occur frequent use 
is made of them for various purposes, such as floors and 
foundations, for which in ordinary cases they are well 
adapted. But inasmuch as the sulphur prevents successful 
treatment in a cement-making direction, we will not recom* 
mend any extensive experiments at present. 

One very favourable circumstance in connection with this 
waste is that it invariably occurs in districts well situated 
for the supply of fuel and with unusual facilities for 
shipping. Of course in selecting sites the alkali manu- 
facturers gave special attention to the cheap supply of tiieir 
raw materials and an easy and cheap ontiet for the distant 
markets it was meant to supply. Owing to the necessity for 
using as pure a carbonate of lime as possible, some of these 
manu&cturers labour under great disadvantage. The Der- 
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byshire limestone is taken ta Gateehead-ou-Tjae at a great 
transit cost Snch a tact speaks highly in faroor of the 
purity of this limestone, for in Northumberland and adjoin- 
ing counties limestone of fair quality exists in abundance. 
Of the many attempts made to utilize the waste sulphur, 
none may be regarded as perfectly successful, but as they 
approach that point, the more suitable or acceptable will 
the residue become for the cement operator. 

Alum Waste. 

The manu&ctare of alum from the varions aluminous 
shales in the north of England and Scotland is a most im- 
portant industry, and like the alkali trade results in the 
accumulation of enormous waste heaps. An old and im- 
portant seat of this industry exists in the neighbourhood of 
Glasgow, at Garapsle and Hurlet, where great mounds of 
exhausted shale attract the attention of the visitor. The 
following are analyBes of this VBste, No. 1, &om Hurlet, by 
Professor Fenny, and No. 2, from Campsie, by Dr. Muspratt : 



Bilioa 

Soaqnioxide of iron 
Oiideof iron .. 

Sulphnjic acid 
Fotama .. .. 
Water .. ., 



1. 


a. 


MO 


38-40 


22-2 


12-70 




20-80 


11-4 






trace 


2-2 


2-07 


0-3 


2-00 




10-70 




1-00 


14 2 


12-27 



In the neighbourhood of these deposits, but e^tecially at 
Campsi^ are to be found limestones of good quality which 
could readily be combined in the production of a good 
Portland cement 
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Boap Lme Wade. 
The aathor apwards of twelve years ago converted a con- 
siderable qtiantity of tlus material into Portland cement in 
combination with Medway clay, and found it a profitable 
conTersioD, but, owing to the Bopply being b'mited, he does 
not recommend its nse for cement making except when the 
purpose for which it may be required is a purely local one. 
The process of conTersion is easy, owing to the fayourable 
condition (in point of textore) of this material. 

Qeu Lime Wade. 
The lime used in this process is for the purification of the 
gas, and the quality resnlting depends in chemical value 
pretty much on the condition and quality of the coal from 
which the gas is obtained. Sulphur, the declared enemy of 
cement makers, abonnds in the impure coals, and the follow- 
ing analyses show the fluctuating value obtained : 





Ko. 1,— Br Dr. Graham. 






„ a-ByDr.V<»Ioker(atlOO°0.). 
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CanstlcUme 


17-72 


18-23 






Sulphur 










Bilica 


0-71 


0-28 








32-28 








(hide of iron, clay, fto. .. 




2-49 






UagnetJa and anunooia 








Analysis of lime waste from wood-gas 


making, by Dr. 


Beissig: 










CsnaUolime 


9-90 . 


Oiule of inm and iJiimiiw 
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Water 
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With this more ctirions tiuot useful snatysis we will cloae 
this chapter, and trust that the informatioii therein intended 
to he conveyed may result in practical good and direct 
attention to every anbstaDce from which cementa are attain- 
ahte, whether locked up by nature or hidden from our notice 
by man's careleasaesB and waste. 
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CONSIDEBATIOHS WHICH SHOULD DfFHIBHOB THE MANDFAC- 
TDBEB m BELeoTINa A SITE FOB THE CEHBST WOBES. 

In Uie preceding chapters, treating of the different kiDds of 
raw materiale which are or may be coDverted into Portland 
cement, it has been Bhowo how their Tarious characteristics 
and peculiarities affect the question which is being dia- 
cneeed. It will seldom be found that any two of the distinct 
geol<^caI formations exist together in snfBcient quantity to 
interfere with the desired choice, and it is therefore useless 
to guard the intending mann&ictnrer against the danger of 
selecting any point which is not likely to secure a snpply of 
raw materials for a considerable number of years, unless the 
works are only to be of a temporary character for the ful- 
filment of a specific object or purpose. 

Where cement works are to be erected for the special 
supply of cement during the construction of some important 
engineering or architectural works, such conditions cannot 
prevail, as it is not likely that the solntion of the site of 
works of any importance would be infiuenced by their neaiv 
ness to or remoteness &om the vicinity of the raw materials. 
The subject of cement making, however, has become a con- 
sideration with engineers, and some of the most eminent in 
the profession have already declared for its necessity by the 
construction of cement works where large drainage, water, 
and harbour works are being built 

The first consideraticm to be regarded, for whatever 
pnrpose the works may be required, should be of contse the 
control of the raw materials, so as to command their delivery 
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at ihe works at the lowest cost. When possible the manu- 
tttdory should be hnilt on grouad where oae or other of the 
raw materials exists ; preferably on the carbonate of lime, as 
it forms the largest ingredient in the raw material mixtnre. 
While, however, having dne regard to tliis essential, it most 
not be overlooked that the command of the other ingredients 
is also of equal importance ; on a site commanding car- 
bonate of lime only and remote from the clays or shales, 
involving thereby cost of carriage, works conld not be carried 
on profitably ooless such a disadvantage is counterbalanced 
by some other important consideration, such as nearness to 
cheap Inel, or facilities for the transport of the mann&c- 
tured articla 

It is desirable also to consider how the works are Ut be 
connected with the best and cheapest railway, or other 
means of commanicatioQ with the neighbourhood or market 
which it is intended to supply. Railways may be regarded 
as the most convenient. Canals are best adapted for the 
cheap conveyance of cement and the materials from which 
it is mode ; but unfortunately the majority of these useful 
arteries of commercial conununication are in the hands of, or 
controlled by, railway companies, and thus practically beyond 
the reach of cement manufactoreis. Biver and sea oommnni- 
cation may therefore be regarded as the most acceptable 
mode of securing a cheap and accessible means of transit 

It happens, however, also that in this country the most 
valuable deposits of carbonate of lime occur in unlimited 
abundance on the sea shores and on the river banks. The 
question of labour is one which should have dne consideration, 
and should therefore weigh in the scale with those of more 
importance. As the materials of each locality will more or 
less influence the system of manufacture which will have to 
be adopted, it should not be overlooked that the process of 
one district cannot influence or be acceptable in another. 
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For instance, a practical cemeot maker, nnacqaainted with 
the technical character of the boeisess, trained in the chalk 
district, would be comparatiTely nselees in the lias or 
other distinct geoli^cal division of the carbonate of lime 
series. The very initiatory procesaes differ in character, and 
so does, in iact, every stage of its monipnlation, Irom the 
first redaction of the stone and shales to its final destination 
in the kilns. There is only one branch of the business, 
however, which is conuuon to all districts, and that is the 
process of grinding. This is a purely mechanical operation, 
and its acouracy of result is in nowise dependent on the 
locality in which it is performed. The science or art of 
stone dressing is of ancient origin, and only reqaires an exact 
knowledge, acquired by intelligent practice, of the different 
dresses (diagrams of the millstones) which shall secure the 
most economical resolts. 

The writer is not so sanguine as to think that any large 
works equal in extent to the leviathan manufactories on the 
Thames, at Boulogne, or Stettin are likely to be erected in 
the interior of oar island ; bat from his knowledge of the 
growing wants of concrete structures, he is convinced that 
many works of ordinary extent would find profitable results 
in supplying the cement which sach a demand engenders. 

Although perhaps, as a rule of pretty nearly general 
application, the advantages are in favour of a manufacturing 
site on or immediately commanding a supply of carbonate 
of lime, it should not be overlooked that even such an ad- 
vantage may be obtained at the sacrifice of other oon- 
sideretions. 

In weighing the various advantages of a favourably cir- 
cumstanced carbonate of lime locality, it woald be as well to 
enter into a careful calculation in some such way as the 
following. As carbonate of lime forma generally a proportion 
of three to one by weight to the clay, we should examine the 
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cost of this material to a mannfactory from which ia to be 
issued a giTen qaantity of cement per week. And presnm- 
ing the supply of day or shale obtainable only at a distance, 
the calcnlatioa is not a difScolt one to ascertain in which 
position the site of the works ia to be selected. This point 
of relative cost being settled, the next is that with reference 
to the cost of fuel, which should be considered having 
regard to the weight reqnired for the conversion of the 
required quantity of raw materiab into the nuuinfactured 
article. The weight of the fael for all purposes varies, 
according to the process adopted and the materials dealt 
with, from 10 to 20 per cent, of the gross natural weight 
of the raw materials operated ou. This weight of fdel, 
it should be recollected, eutu^y disappears during the 
maDO&cture, and forms therefore no new element in the 
consideration of we^ht to be further dealt with. We have 
now only the manufactured oement, which should in its 
resulting condition be abont 60 per cent, of the gross 
weight of the raw materials, of course without the fdel, when 
deprived of their latent and acquired moisture. The remain- 
ing consideration is one of comparative insignificancy as it 
only affects the cost of carriage of the manufactured article. 
Due regard, however, should be had to the accessibility of 
the site selected to the markets which it is intended to 
supply. It ia needlees, however, to say that a cement worka 
in an isolated situaticm, at a distance from railway, oanal, 
river, or sea communication, would be misplaced and not 
likely to prove remunerativa 

The necessary care has not always been displayed in the 
selection of the sites for many existing oement manufoctoiiea, 
and the author is familiar with several that struggle against 
the evils entailed by a primary error of this kind. Intend- 
ing manufacturers should never lose sight of the necessity 
for commanding at a nominal cost at least one of the raw 
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mateitalfi, and, by preference, of the carbonate of Uaus, for. the 
reasons before named. Works so circonistanced aa to reqnire 
to be supplied &om a distance with all the raw materials, 
labonr under disadvaatages which the most careful manage- 
ment cannot hope to overoome. During periods of pros- 
perity and high prices, the full effect of an ill-placed or 
badly selected site are nnfelt. It is only when those fre- 
quently recurring periods of exoeesiTe competition arise, and 
when the make of cement exceeds the demand, that the 
utmost care is often unable to avert the losses which an 
orer costly snpi^y of raw materials is sure to bring about. 
Too much attention cannot therefore be given in the initial 
calculations for the selection of a site, for it is difficult after- 
wards to recover from an error of this kind. 

In oonfirmation of these observations, it is only neces- 
sary to examine the localities of the most succeasfiil and 
largest works in England. They are all constructed on the 
rivers or coast, and invariably according to the degree with 
which they command the raw materials have their success 
been assured. It should be observed here in this section of 
our argument, that it would be difficult to equal in elegi- 
bility the site which the Portland cement works on the 
rivets Thames and Medway command, not only as regards 
the supply of the raw matsrials, but a cheap transit for the 
cement when manufactured. Indeed, the happy combina- 
tion of advantages which these favoured works command, 
has undoubtedly tended in a high degree to the advance- 
ment of the trade and influence of Portland cement in all 
countries. Although Wakefield must be r^atded as its 
birthplace, the fostering nursery of its early struggles and 
prosperity is due to the influence of the London manu- 
facturersL 
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CHAPTER V. 

OBSERVATIONS ON THE SELECTION OF THE BAW HATEBIALS. 

In the preceding chapters we liaTe endeaTonred — in vhat 
may perhaps be coneidered a too lengthy maaner — to point 
out, in a geological and mineral sense, the varions simple 
and compound materials capable of atilization by the Port- 
land cement monoiactnrer. We will now proceed to discuaa 
generally the osnal methods of estimating their value and 
ascertaining their soitableneas for cement making. 

UnlesB the maunfactnrer has fitted himself for a task 
of this nature by a previously well-considered study of che- 
mistry, in so Ear as it can fit him for tiie duty of appre- 
ciating the merits and valuing the properties of the mate- 
rials with which he has to deal, it would be more advisable 
for him to seek the assistance of a professed chemist to 
guide him at starting. The analysis need not necessarily 
be of an exhaustive character, but such as may safely act 
as a basis on which to start fiiirly on the initiatory experi- 
ments. It is not absolutely necessary that the value of other 
than the three leading and indispensable ingredients, car> 
bonate of lime, silica, and alumina, should be ascertained, 
unless the presence of sulphur in any of its varied forms 
should be present in the sample submitted to analysis. 
Much trouble and loss of time would be averted by a 
preliminary examination of the physiographic character or 
aspect of the stones, shales, or clays. A careful observation 
of their character of combination would probably be the 
means of saving considerable cost in their ultimate treat- 
ment. Of course much will depend on the process of mann- 
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fiictare selected, and the materials to be operated upon will 
greatly mflaence the operator in that selection. While 
some materials admit of being converted into cement, by 
either the wet or dry process, many are only capable of pro- 
fitable conversioQ by the one process or the other, and some 
again admit of such treatment as may be considered a com- 
bination of both methods. For the better elacidation of 
this part of the question we will call attention to the mate- 
rials themselves. First, the chalk, as being the moat im- 
portant, simplest, and best-known material Chalk, onless 
where metamorphosed by volcanic action, as at the Giants* 
Caosenay and elsewhere, is an amorphona mineral and 
capable of being rendered sofficiently solvent in water 
without much trouble. The impnrities with which it is 
more or less combioed are generally of such a harmless 
character as to render their existence in the preparatory 
reduced mass a matter of comparative indifference. There 
is no necessity therefore for any very accurate chemical 
examination of this materiaL Perhaps the simplest and 
beat ai^roximate test is to examine its physical charac- 
teristics by reducing a smalt quantity in water and decant- 
ing it until the residuum can be estimated. The various 
qnalitiea of chalk will display very different results, but 
it may safely be assumed that the insoluble residaom is not 
of an objectionable nature, or calculated to endanger the 
qnality of the cement, if all the other necessary steps in 
its manipolation are accurately performed. In further 
illustration of the harmlessnes of any sediment &om the 
chalk, it may be shown that if it be reduced by the wet pro- 
cess its passage into the backs is rendered impossible when 
the proper precaations hereafter to be explained have been 
complied with. And again, should it be used by the dry 
system, its reduction by the millstone or grinding agency 
would also effectually prevent its exerting any injurions 
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iDfluence on the final result. In short, clialk is not to be 
regarded vith hesitating suspicion by the cement maker, for 
it is the simplest and kindest of the materials used in cement 
making. Where a choice exists it is better to select the 
Emoothest in textnre and the quality most easily roduced 
to a state of comparative solubility. In conjunction with 
the chalk from the several formations river mud or clay is 
invariably used, and, as before observed, its careful selec- 
tion is necessary. A sedimentary deposit so peculiarly 
formed and snbject to so many fluctuating conditions 
results in a variety of qualities of the deposited material. 
The finer and more suitable qualities are readily soluble, 
and unless they are comparatively free from any sediment 
of fine silt or tree sand, their use is attended with some 
danger. In being worked with the chalk it is closely 
incorporated with the combined semi -liquid, and, being 
generally fine and of light specific gravity, it escapes tbrongh 
the sieves to the back, where its presence is moat objection- 
able. It is better therefore to exercise a little extra care 
in selecting the raw material, for however perfect in theory 
the subsequent arrangements may be for intercepting the 
sand on its passage Ut the backs, they seldom in practice 
attain the desired object. Any clay for use under the wet 
system should not have a larger amount of sand in its com- 
position when dug than 5 per cent 

The next in importance and value is the limestones and 
shales of the lias deposits. Their chemical value is, how- 
ever, BO fluctuating that accurate analyses of each- distinct 
band or layer is indispensable. As this class of materials 
are only capable of conversion into Portland cement by the 
dry process, any objectionable ingredient must remain in 
the mixture if not challenged before selection and admix- 
ture. In this deposit a large amount of iron pyrites is 
usually found, and when permitted to remain in the mix- 
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tote dangerons properties become developed, aod the 
h^drsulici^ of the cement is rendered oncertain. The lime- 
stones of this formation are almost entirely free from this 
objectionable ingredient, and therefore need no care in 
guarding against this species of danger. The shales display 
on fracture, when freshly quarried and after their exposure to 
the air, on disintegration, the shining crystals of the iron 
pyrites. The various beds indicate a very fluctuating quan- 
tity of iron pyrites, and in some of the beds it is absent 
altogether, or at least ezisto in very inappreciable quan- 
tities. As the shales in the lias deposits preponderate and 
require removal in order to obtain the limestone, it is easy 
to select the best qualitiee of shales, which are generally 
found to be Uiose smoothest in texture. The natural ad- 
miztore in these shales is bo perfect that little if any risk 
arises from any inconvertible ingredient. It is usually found 
that much diETerence in analytic value exists in the separate 
beds, showing that during the period of their formation the 
sediment deposited was variable in character. Each separate 
leaf or bed has special and distinct physical and chemical 
qualities. 

A compound treatment of theee shales, after becoming 
disintegrated by exposure to the atmosphere, might be bene- 
ficially employed^ They could be put through a wash-mill, 
and by this means purged of the iron pyrites — for they gene- 
rally exist in mechanical combination — and the expense of 
this operation might freqaently be repaid from the value 
of the pyrites recovered, for in some shales it exists in 
considerable abundance. The higher specific gravity of the 
pyrites would readily, in a semi-liquid mixture, gravitate 
to the bottom of the mill, and thus facilitate the passage 
of the fluid shale to the mixing ma4:^ne for combination 
with the carbonate of lime. 

The oolitic limestones and all the other varieties of car- 
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boBatee of lime differ in their raineralf^c&l aspect or con- 
dition, and according to the extent of their cryetallization 
will the treatment which they require rttry. In the hand- 
ling of amorphous materials it is only a question of simple 
mechanical operation to reduce the varying indarated chalks, 
clays, and shales, so as to fit them to perform their required 
task of free and accurate admixture. In dealing with 
hard crystallized rocks the task is inach more onerous, for, 
however finely you may reduce the material, you cannot 
annihilate the crystal ; no matter how small the atom, it is 
still a crystal, and your utmost sources of mechanical reduc- 
tion iail to eSect its complete extinguishment. The me- 
chanical expense of this operation ia therefore considerable, 
and, however accurately performed, it may never succeed in 
the realization of a powder fine enough or sufficiently soft 
to ensure the perfect chemical combination of the various 
materials. To accomplish what must be regarded as the 
most important part of cement-making operations, it is 
desirably to ensure the success of this initiatory stage of 
manufacture, to first convert the limestone into lime by the 
ordinary process of burning. That alternative thoroughly 
overcomes the objection to the crystalline character of the 
mechanically reduced stone, and favours the subsequent 
process of amalgamation, which will be rendered more 
intelligible in the chapter treating of the mixing process. 

Whatever system of treatment is resorted to in the pre- 
paration of the raw materials, the primary object of their 
amalgamation is to ensure their favourable capacity for 
the all-important chemical operation performed in and 
through the agency of the kiln. There is doubtless — and 
its importance also cannot be too strenuously insisted upon 
^mnch accuracy required in ascertaining the exact propor- 
tions of the different raw materials, but that process will 
have been in vain if the ingredients are not sufficiently fined 
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dovn to enable the delicate and final operation of the kiln 
to be performed. The simple nnconditiooal mixture is not 
alone all that is reqtured, hat the necessary vigilance most 
be insisted npoo so that its quahty should be that of a fine 
and almost impalpable powder, otherwise the final cement 
result is nnattainable. 

Yon will not often find all the raw materials in one 
locality, but it is most advisable that the required technical 
sbill should be forthcoming in determining the best avail- 
able materials to be selected for cement-making operations. 
Many of the failures in making good Portland cement are 
due to the clumsy and ignorant treatment of the materials, 
and not to their natural anfitnees for the purpose. Although 
the question of cost of the raw materials must always form 
an important element in the consideration of the expense' of 
manu&cture, still it must not be pushed too far, for in 
reality the original cost of the raw materials forms but an 
inconsiderable item of the whole cost of manufacture. 

In the first efforts at Portland cement making by Aspdin, 
he was confined in bis selection of materials to the im- 
mediate locality of his manufactory. The subsequent 
adoption of the London district as the manufacturing point 
resulted in a successful treatment of the chalk and river 
days. The operations, however, were of an inaccurate and 
hap-hazard character, and until recently were entrusted to 
the ordinary workmen who could produce the most perfect 
mixture of the two simple materials, chalk and clay. The 
resulting process was again subject to the control of the 
man who could best apply the required amount of fuel for 
its ultimate calculation. It was found, however, that some 
more intelligent supervision was required to ensure accurate 
results, and to produce such a mixture as could be burnt by 
an unvarying and fixed amount of fuel. Hence in recent 
years the institution of tests on the fluid mixture flowing 
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from the wash-mills, thereby ensoring a more even system 
of mannfactnre. Still it cao of oecesaity be bat approxi- 
mate, and far short of what may be regarded as a technical 
or scientific test of the operation. This subject will be 
more fully dealt with in the fcdlowing chapter. 

Id converting chalk and clay into cement, the standard 
required in the operatioa — under the present system at least — 
need not be regarded as a high one, and the slovenliness of 
the process, so long as it results in profit, is not regarded as 
objectionable. It involves, however, a great waste of labour, 
if not of material, the truth of which we shall endeavour to 
prove before the close of our argament. 

In dealing with the mountain or carboniferous limestone, 
there will not be found much variety in the physical cha- 
racter of the stone. It may be regarded as a sub-crystalline 
rock and easily fractured, which property becomes ^ advan- 
t^;e in the final treatment when being powdered in the 
horizontal or mill stones. It is preferable to select a silica 
amalgam of as hard a nature as possible, for the nearer the 
two ingredients approach each other in texture, the better 
and more economical will be the results obtained in grind- 
ing. In some districts of this formation, especially when it 
has been influenced by the " toadstone " and " basalt 
dyke " intrusions — a species of " chert " is found of a highly 
qnartzose character. A similar metamorphism occurs in the 
loadstone's contact with the gritstone formation, although 
not to so great an extent. 

Where no higher knowledge can be commanded by the 
experimenter than that we have described fully in Chapter XL 
we would recommend a careful perusal thereof before deter- 
mining on the final selection of the raw materials. This 
observation has special reference to all the materials except- 
ing those of chalk and river clays, which are so well known 
and understood. 
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In the igneous rocks macti difference of valne may be 
found, but the aqaeons or sedimentary deposits are, generally 
spe&king, reliable. In some cases it may be found that the 
same beds of limestones not only differ in chemical value, 
bat also exhibit considerable variety in theii physical 
aspect or conditiou. Their thorough reduction and con- 
sequent mixture overcome much of the risk attending such 
characteristics, and attention is only directed to it for the 
purpose of cautioning against the chance of being led into 
error at the time of examination. There should be a series 
of tests when sacb differeucea'are apparent. 
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CHAPTEE VI. 

THE ESTIMATION OF THE HAW MATEBUtS. 

Eayiho thoB Mly entered into the geology and mineralogy 
of the raw materiala, their sources of origin, and selection, 
we shall proceed to disease ^e best and most approved 
mode of ascertaining their mechanical and chemical value. 

We shall first describe the apparatus used in estimating 
the physical qualities of days by mechanical estimation. 

The physical properties of clays are almost as important 
as the chemical, and in many cases equally variable. Ac- 
cording to the interesting researches of Br. Aron, of Berlin, 
one of the best and most reliable authorities on this subject, 
pure clay is composed of globular or spherical particles. 
These particles are smaller than the mineral detritus with 
which they are mixed, and can be separated &om the latter 
by a very slow current of water. The porosity and plas- 
ticity of several different clays in their natural state may 
differ widely, but will be almost identical in the case of the 
products obtained from them by careful washing. The 
space between the particles is in the case of each washed 
clay almost the same, proving that these particles must be of 
some regular shape, and the microscope shows this shape to 
be spherical. The plasticity of clays seems to depend upon 
the proportion of such globular particles contained in them. 

For practical purposes, however, such accuracy in the 
mechanical analysis of clays is seldom necessary. It 
generally suffices to determine the amount of sand present 
and the size of the grains. 

This can best be done by Schone's apparatus. Fig. 1, 
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which admits of a degree of precision unattainable by any 
other instmment. 
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The most important part of this apparatus is the glass 
vessel, part of which, h, i, should be perfectly cyliadrical. 
This Tessel commnuicates with a cistern, the snppl; of water 
from which can be regulated by means of a. The velocity 
of the current can be measured by means of the scale /, up 
which the water will rise in proportion to the quantity 
pasBing through. The clay to he washed is placed in the 
apparatus at e ; the cork is replaced, and the water turned 
on. The water containing the fine particles passes through 
the opening in the lower bend of the tube at d, and may be 
collected in a beaker glass or other suitable vessel. The 
coarseness of the particles will increase in proportion to the 
height of the water mf. Should the clay contain any coarse 
sand, a small disc of wire gauze inserted at ff will prevent 
the tabe from being choked. Most clays mast be prepared 
before placing them in the apparatus. Those containing 
carbonate of lime may be boiled in a weak solution of hydro- 
chloric acid ; in any case it is advisable to boil in water till a 
perfectly homogeneoas mass is obtained. Any very coarse 
particles should be removed by means of a small sieve of 
wire gauze. 

In general, the less sand a clay contains, the better is it 
adapted for cement making. Very fine impalpable sand 
may, however, be present in considerable quantities without 
exerting an injurious inBaence on the cement, especially, if 
the percentage of alkalies contained in the clays is consider- 
able. Cement made through the agency of arenaceous clays 
requires a more extended period of baming as well as the 
exercise of greater care. Clay containing more than five 
per cent, of coarse sand, and which to the touch feels ffr^, 
should nndergo a preliminary washing, so as to purge it from 
so objectionable an ingredient. 

During the early period of Portland cement making, none 
but the softest and most plastic clays were used, but since 
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the mttoductiou and deTelopment of the modem dry process, 
shales, slates, and basalts have been used with very con- 
siderable success. Next in injurious influence to sand is 
the presence of sulphur in the clays, or other silica and 
alumina producing ingredients. It generally occurs in the 
form of pyrites or gypsum (sulphate of lime). Gypsum can 
be readily detected by the shining or lostrons character of 
its crystals, especially on the cleavage planes: pyrites is 
sometimes so finely disseminated throughout the mass, as to 
necessitate its estimation by accurate chemical analysis. If 
the percentage is considerable a small quantity roasted over 
the flame of a spirit lamp will give off a strong smell of 
burning sulphur, and where it exists in a proportion eqnal 
to 2 per cent, of sulphuric add, it renders a clay in its 
natural state unfit for cement-makiiig pnrposea By a pre- 
liminary treatmeut, however, its injurious influence may be 
avoided. 

Carbonate of lime is very frequently found in clays, more 
especially in the gault and lias, and other more recent 
formations. Its presence in clays, and when finely disbi- 
bnted, is not of much consequence; but if it occurs in irre- 
gular mechanical distribution, great care is necessary to 
protect the mixture from an improperly balanced proportion. 

Oxide of iron is found in almost all clays, and when it 
occurs in a high degree, it tends to increase or deepen the 
coloor of the cement ; it is never, however, present in such 
quantities as to materially interfere with the strength of the 
cement itself. 

Alumina, when in excess in a clay, impairs the indurating 
value of the cement in the making of which it is used. 
Aluminate of lime possesses excellent hydraulic properties, 
but the temperature necessary for its formation is mnch 
higher than that at which silicate of lime is produced. If 
therefore a clay contains an excess of alumina, part of the 
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silicate of lime will be overbamt before tbe whole of the 
alumina can enter into combination with the lime. 

Oi^nic matter is seldom present iu clays in any large 
proportion ; bat it may be of importance to some mannfac- 
torers who operate in populous neighbourhoods, as it is the 
cause of those oGTensiTe odours emitted by cement and brick 
kilns. The smell caused by the burning of coke by itself 
wiU be found to differ greatly from that of a cement kiln, 
and if clay is heated in a retort to a high temperature, it 
gives off vapours with an odour sui generis. Chalk also con- 
tains miuute quantities of organic matter, and some lime- 
stones, more especially those obtained from the carboniferous 
and lias formations, are highly bituminous. 

Originally when the quantity of clay required for cement 
making was very limited, the obtainment of the purest 
varieties was a matter of little difficulty. The increasing 
demand, however, without an increase of the sources from 
which supplies conld bo obtained, produced a more vigilant 
attention to the varieties and peculiarities of the esturian 
deposits. The mouth test of the old-fashioned cement washer 
could no longer secure what was required, and the estimate 
of the gritty effect produced against his teeth was abandoned 
as the then recc^ized challenge of its purity. 

In the generality of cases, a perfect chemical analysis of 
a clay will determine its suitability for cement making, but 
the above mechanical estimation is offered as a ready means 
of detecting unsnitable clays by the aid of this apparatus. 
Much loss has been sustained by practical experiments in 
the manu&ctnre of cement, which never wojild have been 
undertaken, for if a qualitative analysis had preceded them, 
the unfitness of the materials would have been ascertained. 
Accuracy of analysis need not necessarily precede experi- 
ments, but it should be performed before embarking in much 
outlay, for not only will it prove the suitability of the 
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raw material]^ bot indicate the proportions of their ad- 
mixture. 

In the search for raw materials, it will save much time to 
have at hand a ready and speedy means of estunating the 
carbooate of lime value of the materials nnder investigation. 
The apparatus we are abont to describe possesses in a high 
degree this advantage, and may become in the hands of the 
cement maker a useful instrument, not only for proving the 
raw materials, hut as a guide in testing the proportion of 
their mixtures. 

This apparatos was first designed by Dr. Scheibler, of 
Berlin, to estimate the amount of lime contained in the 
animal charcoal used in the process of refining sugar, and 
may be called an apparatus for the volumetric determination 
of carbonic acid. 

When aU the lime in any substance exists in the state of 
carbonate (no other carbonate being present), its quantity 
may be calculated from the amount of carbonic acid evolved 
on the addition of some stronger mineral acid, such as hydro- 
chloric acid. Carbonate of lime is a substance of known 
definite compodtion, containing 56 per cent lime and 44 per 
cent, carbonic acid. If therefore we find in a limestone 36 
per cent, of carbonic acid, then the percentage of lime will 

be — jj — = 45 • 8 per cent, and the percentage of car- 
bonate of lime 36 -I- 45-8 = 81-8 per cent 

The substance containing carbonate of lime shonld be 
polverized and dried on a wat«r>bath. When cool, weigh 
ofrO-5 gramme of the dry powder. If a chemical balance 
and weights are not accessible, a weight should be procured 
weighing exactly 0'5 gramme, and the sabstance can be as 
easily weighed in a pair of ordinary apothecary's scales with 
Bofficient accuracy for such purposes as those under dis- 
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Fig. 2 represents thia apparatus, and the mode recom- 
mended for ascertaining the carbonate lime value of any 
substance of which it forma a part, is as follows : 



Place the weighed aubatance carefully iu the bottle A, 
which must be perfectly clean and dry. Then fill the glass 
tube S, which holds exactly 10 cubic centimetres, with hydro- 
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chloric (moriatic) acid ot the specific gravity 1-120. These 
10 cubic centimetres absorb about 4 cabic centimetres of the 
carbonic acid, bo that the weight of 4 cubic centimetres 
must be added to the result of each experiment 

The tabes C and D most be filled with water op to », the 
top of 1) is theo kept covered with a loose plug of cotton to 
exclude dust While the water is being poured in, g must 
be kept open ; g is then shut, the stopper carefully fitted into 
A, and the acid contained in S brought into contact with the 
pulverized limestone, as shown iu the woodcut, by the tilt- 
ing action of the hand. The carbonic acid evolved passes 
through r into B, and thence through the glass tube u into 
C. The water iu C is forced downwards id proportion to the 
pressure of the gas upon it, and the water in D rises in a 
corresponding degree. Were the water in D allowed to re- 
main higher than in C, the carbonic acid would be under 
a pressure exceeding that of the surrounding atmosphere. 
The water in D is therefore kept as nearly as possible at the 
same level as in C by opening the pinchcock j?. If too much 
water has been aUowed to escape through j?, more may be 
introduced by blowing through v and opening p. In the 
same manner C and D may be refilled for the next experi- 
ment, only in this case g most be opened. 

Before reading off the number of cubic centimetres, the 
apparatus should be allowed to stand sufBciently long to 
acquire the temperatore of the surrounding atmosphere, the 
bottle A having been warmed by the hand, and the action of 
the acid on the substance ascertained. 

Having measured the volume of carbonic acid, we can 
calculate its weight by means of the following formula : 

+ 4 X 000197 
t X (1 + 00037) 

in which C indicates the number of cubic centimetres obtained, 
and t the temperature shown by the centigrade thermometer. 
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Let OS sappose that 0*5 gramme of a calcareous Bnbstaace 
has evolved 15 cubic centimetres of carbonic acid at a 
temperature of 12° C. The weight of this volnme will be 

(15 + 4) + 0-0Q197 
12 + (1 + 0'0037} 

equal 0'031076 gramme or 6-21 per cent of CArbonic acid, 
which has been combined with 7 '89 per cent of lime, bo 
that the material thus examined contains 6*21 + 7 '89, equal 
to 14 ' 1 per cent, of carbonate of lime. 

In the above calculation the barometric pressure has not 
been taken into account, and may in fact be disregarded for 
such practical porpoees as those under discussion. 

Should the substance analyzed contain caustic lime, this 
may be converted into carbonate by heating* it with a sola- 
tion of carbonate of ammonia, the ezoess of which may be 
driven off by gently warming it over a spirit lamp. 

By means of Scheibter's apparatus, the estimation of the 
slip or slurry of the wet process, and the bricks or powder of 
the dry method, can be readily ascertained, and through its 
agency the accuracy of the raw cement mixture controlled in 
a few minutes. It is not necessary to calculate the per- 
centage of carbonate of lime in every case. A sample of 
the raw material of known good quality may be taken as a 
standard, and a few experiments with the apparatus will 
soon show the operator to what degree the volume of car- 
bonic acid may vary without affecting the quality of the 
cement. 

Should the temperature vary, allowance must bo made; 
the coefficient of expansion of carbonic acid being 0'0037 
for each degree Celcius. If, however, the temperature at 
which each experiment is made is comparatively uniform, 
this correction may be omitted. 
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CHAPTER VIL 

TBEATUBITT OF THE BAW HATEBIAL8. 

We caDDot do better for Uie convemeDt illustration of the 
primary object of the treatment of carbcmate of limes, silica, 
and alnmina, than call attention to the ezperimenta of 
Smeaton, as dcBcribed in the first chapter of this book. We 
there see how he developed the nature of hydraolicity hy 
estimating the amount of foreign matter by which it was 
occasioned. Onr process will, however, he the reverse i^ 
that which was adopted in the Eddystone esperimentB, and 
onr duty is to impart to the carbonate of lime the estimated 
quantity of the reqoired ingredients. The calculation for 
gaidance in estimating the exact quantities is discossed else- 
where, and we have only to consider here the most approved 
means for the accomplishment of this the very alphabet of 
Portland cement matdng. 

There are three welUkoown operations, differing in charac- 
ter, the application of which is influenced or dictated by the 
quality of the materials used. They may be classed thus : 

1st Wet method, 

2od. Semi-wet method, 

3rd. Dry method, 
differing only in the mode, but having the same direct ob- 
ject of thoroughly amalgamating the different ingredients. 
They are all mechanical in character nntil the stage of 
homing is reached. 

The wet process, from being the one most in use and 
generally dealing only with chalks and alluvial or other 
clays, is apparently the simplest in character and least 
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costly in its first iefliilt& Chalk and clay, being capable of 
easy solubility, are charged in their progress through the 
" wash-mill " with three or four times their weight of wat«r, 
and theoretically this process appears perfect, bnt practically, 
as we shall endeavoar to show, there is considerable incon- 
venience, if not danger, even ander the most careful super- 
vision. The difference in the specific gravity of the chalk 
and clay involves an irregular deposition of the washed 
mixture, not only in its final settlement in the "back," but 
on its way along the shoots. In the most limited works 
this objection exists, and in the largest in a more aggra- 
vated degree, for the farther irom the wash-mill the liquid 
material has to be propelled, the greater most be the amount 
of its irregular and eccentric precipitation. This part of 
the process may be likened to the river and tidal action, by 
which the water conveys the degraded portion of banks and 
shores in mechanical suspension, parting with each division 
of them in proportion to their fineness or texture, the finest 
going farthest A ^miliar example of this action occuis 
in the river Thames, on the banks of which are deposited 
the fine particles in the form of mud, the mid-channel or 
stream receiving the heavier ones, such as sand and gravel. 
The finest of aU in &ct, the almost impalpable, are de- 
posited at the point of stillness, when the tide checks the 
flow seawards. Near the river mouths or estuaries we find the 
most highly comminuted clay or mud. 

Smeaton, by the chemical destruction of the matrix in 
which was deposited the silica and alumina, liberated it irom 
its enthralment, and so unlocked the secret which he was 
desirous of knowing. The cement maker has to reduce his 
raw materialfl to such a degree of fineness as will permit 
of their accurate combination, and this can be effected in 
two ways— the one chemical, and the other mechanical. The 
former, the more expensive of the two, by converting the 
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carbonate of lime into lime, and the sUica into soluble 
silicates, and thus ensure an accurate reenlt, bat not one 
that a Portland cement maker can indulge in, and which we 
need not further discuss because of its costliness. 

let. The wet method consists in mixing the chalk and 
clay intimately, through the agency of water, in what is 
tedmically called a "wash-mill." This treatment is that 
which was adopted from the commencement of the cement 
manufacture, and varies in the manner in which the varioos 
triturating or reducing appliances are placed. In some 
works knives or cutters only are used, and in others to them 
are added harrow tines. In the early mills edge runnets 
were also used in addition to the harrows. The following 
process is invariably one of decantation through the agency 
of the receptacles or back, into which the mixture is 
washed. 

2nd. Semi-wet method, which was first adopted and 
patented by M. Dnpont, in France, many years ago, passes 
the mixed chalk and day between horizontal mills in a semi- 
plastic state. It is then in a fit condition to be placed 
on the drying floors, and the time usually occupied in 
waiting on the decanting of the water off the " slurry " in the 
" backs " is saved. Under the best conditions by which this 
process can be performed it must fall short in thorough mix- 
ing value of the wet process. This system has recently 
been iuttoduoed into this country under the name of 
" Goreham'a patent process." Another adaptation is spoken 
of for the purpose of speedily eliminating the water of 
mixture by squeezing or pressing or some other equally 
" far-fetohed " scheme. We shall in all probability next 
hear of a boiling down or roasting process, for it is singular 
how perverse the human mind is, and often revels in retro- 
gressive action. If equal ingenuity and energy were applied 
to the study of reducing the water in the raw materials — for 
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chalk contains from 20 to 30 per cent of moiBture, and clay 
as delivered by the barges from 60 to 60 per cent. — ve 
^onld Boon find a nearer approach to the foUowbg : 

8rd, or dry method, which is simply the mechanical 
redaction of the raw materials by suiteJUe machinery. When 
this ia performed in a sloTenly, careless, or ignorant manner, 
much danger and expense arise. Doubtless, this plan ad- 
mits of no loose or " rale of thamb " treatment— chemically, 
the lines laid down mnst be implicitly adhered to, and 
mechanically, the reduction of the ingredients should be as 
nearly perfect as possible. You may err in having it too 
coarsely gronnd, but no objection can ever arise from the 
resulting powder being too fine. At least, on the score of 
snbseqaent advantage in the other parts of the process, the 
limit to the fineness is only measured by its cost. There is 
a danger attending this method wbich is sometimes a puzzle 
to the ignorant, and that is the want of proper care in 
applying the necessary moisture to render the mass plastic 
enough for moulding into bricks. If the water is carelessly 
thrown on, aa is the case in "tempering" clay for brick 
making, there is a liability to separate the atoms of car- 
bonate of lime from those of the silica and alumina, and thus 
destroy the necessary accuracy of combination so essential 
to an effective kQa result. The author had an amusing 
illustratioD of this efTect while making a survey and report- 
ing on a cement manufactory in North Wales. The factory 
was situated in the neighbourhood of lias materials, but the 
carboniferous limestone, also contiguous, was used and thus 
treated. It was first crushed in a stone breaker, from 
thence passed on to horizontal butr stones, when it was care- 
lessly ground. The next operation was putting it into a 
wash-mill going at a velocity of about eight revolutions per 
minute, when it was mixed with a very fine clay. The 
difference in specific gravity of the two materials resulted in 
what the most ignorant could have foreseen, a separation, or 
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at beet a most imperfect combinatioD, and to add to the risk 
atteoding Bnch a clnmBy operation, the mill had no uraoge- 
ment for overflow or back room, and was stopped to take oat 
the materials as thej were jiniihed. The consequence of 
this mode of manufactitre reeolted in a neTer-ceasing conflict 
with the asers of the cement To partially obviate the 
effects produced by this Welsh process, it was necessary to 
keep the cement for months in store until the tree lime 
had been thorooghly hydrated to a point which reduced 
the danger of using it direct &om the millstones. Some 
materials cannot be accurately blended together, even in 
their passage through the millstones, when they differ much 
in texture, and in such oases the better way to combine 
them is by a mixing machine. For instance, a crystalline 
stone in combination with a soft clay oi shale would during 
the process of grinding be retarded by the interposition of 
the soft clay or shale between the crystals, and thus prevent 
its eooDomical reduction. 
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CHAPTEB Vni. 

THE handfaotube of POBTLAND CEUEKT FBOU cbai^ 
AND OLAY. 

It 18 almost a work of eupererogation to enter into any 
lengthened description of this well-known and simple 
process, bnt as the task we have set oaTselres to do ia 
intended to describe every known Bystem from the best 
sources of information at our command, we will proceed to 
disGOSB the treatment of chalk and clay. 

Where large and well-circumstanced works exist, they 
will be foond erected on the chalk formation. To this point 
the river clay is to be broTight from the various soorces of 
its deposition, and mixed with the chalk. The modm operandi 
is clamsy and carelees. 

The wash-mills (described at page 207) are erected at 
convenient points, and the chalk and clay are tipped in the 
required proportions, always a slightly varying one, for the 
contained moiatore may be regarded as an unknown or 
doabtfidly ascertained quantity. In works where probably 
close upon a thousand tons of chalk and clay are passed 
through per day, active and careful testing can adjust tiie 
average error from the wash-null, leaving only the danger to 
be apprehended from the irregular deposition of the washed 
materials in the backs or reservoirs. If it be conceded that 
the coat of liquid or wet reduction of the raw materials is 
less than that incurred by the dry process, it must not be 
lost sight of that the former requires much more atten- 
tion in remtjdying the reanlts of it« defects. The wash-mills 
require fireqnent cleaning out, the shoots or conduits moat 
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be knpt clear, both of which InToIve a considerable peiv 
centage of waste. Then again the " Intiog " or mising the 
liqaid materials by agitation and the Bubeeqnent attention 
to the procesB of decantation of the saperfluons water. Even 
with all this attention and expense yon have to wait probably 
for months, until the contents of the " back " are in a fit con- 
dition for removal to the " drying plat«s," from which the 
dried material is taken to the kilos in a state much inferior 
for chemical or kiln treatment to the brick pressed from 
the powder of the dry method. It is impossible to make an 
accurate comparative statement of the relative cost of the two 
systems, owing to the fluctuating value of the quality of the 
materiab dealt with by the dry method ; the material from 
the lias formation costing less in ita reduction than those 
irom the more crystalline carboniferous, or oolitic formations. 
But we may without the least hesitation assert that, with 
the most improved reducing machines, the product from 
the dry process can be delivered into the kiln at a consider- 
ably less cost — having due regard to all the disadvantages of 
the necessarily widdy separated backs and kilns — without 
taking credit for the saving in time. A strong way of 
putting it would be simply to state that while the back was 
being filled by the one method, you can by the other fill the 
kiln not only ton for ton (dried material of course), but three 
to one ; and further, before the contents of the back are ready 
for final treatment, the cement from the direct process has 
been sold or used some weeks and perhaps months. Let us 
examine carefnlly the conditions inseparable from the wash- 
ing process. 

First, there is the latent moisture of the chalk itself, 
amounting on the average of all weathers to 25 per cent, 
and the clay to nearly 60 per cent. So that really the 
ton of chalk is only 15 cwt, and the ton of clay 8 cwt. The 
quaotity of vrater applied to the mixture in the wadt-mill 



3dbvGoOg[e 



164 soiEiraB abd ast or fobxlahd cshsnt. 

is generally oq an average 4 tons to 1 ton of the raw 
materials. The cost of condacting it by grayitation to the 
settling back ia not great, but in some manufactories it 
is pamped to a higher level. It is not contended in this 
examination that the materials nsed in the dry method are 
free from natural or latent moisture, for in &ct the h&rdest 
of all materials, gianite, contains something like 12 per cent^ 
but the preliminary process is the very converse of the wet, 
for instead of adding water, the first duty is to extract it. 
In the succeeding process, namely, that of converting the 
powder into a condition which will ensure its fitness for the 
kiln, we hope, before concluding our argom^its, to show 
that a small percentage of moisture only will be required 
to effect that result 

The contents of the "backs" are not when first filled 
always accurately blended, and require careful testing &om 
different points to ensnre that the mixture, so heavily loaded 
vrith water, is true enough to be allowed to settle down. 

If we grant that in the wash-mill the mixture is as per- 
fect as such a process admits of, there is great liability of 
error before final settlement. Testing the raw product is 
therefore attended with difficulty and uncertainty, for yon 
may be satisfied that on emerging from the mill or the 
conduit it is truly proportioned, but there is still ahead the 
irregular settling down in the reservoirs; so that practi- 
cally your security is illusory, until the actual adjustment 
of the atoms or particles into a cohesive condition has been 
reached. Another series of testing is then obligatory, and 
to be useful mnst be of a more extensive character than that 
of the simple flow of the products from the mill. The 
samples must range over the sarface of the back and reach 
also its various depths. These are precautions which no 
sensible cement maker can now afford to neglect, unless he 
desires to live in a continual state of alarm and anxiety. 
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In past years, in what might be called the dawn before the 
traoBitioii state of the trade, many of the Thames cement 
makers led the reverae of contented or happy lives. It is 
to be hoped that all of them have now bid £nal adieu to 
the "Fools' Paradise," in which they had occasionally to 
pass fitful periods of probation as penance for their sins of 
omission committed at the " backs " ; or, in other and mors 
appropriate language, " careless or Degligent testing of the 
taw materials." 

In supplying the wash-mill with the chalk and clay a 
measare of capacity is of neceasity adopted. There being 
a constant variatioD in the condition of these materials, any 
measure of weight is out of the question. Under such 
oircnmstances tiie operator chained with the duty of sQp- 
plying the wash-mill trosts entirely to the tally or marking 
system, and probably even its records are of an uncertain 
and treacherous character. The dry system admits of weigh- 
ing accurately and with the materials in such a condition 
as to ensure STenness of result. In such a state the mate- 
rial offers nnnaually favourable facilities for testing, which 
diroogh the ^ency of the apparatus /lescribed at page 151 
can be performed in a few minutes, and thus ensure that not 
more than half a ton at most of the raw powder can at any 
time pass to the forming machine in a state of disproportion 
or inaccuracy. Bnch facility for challenging the faulty 
miztore is not commanded by the wet process, but on the 
contrary has the disadvantage, amongst many others, of 
involving delay in its tdtimate realization. Entire trust 
has to be reposed in the manipulation of the man at the 
wash-mill, and his inattention or inexperience may and does 
in the best managed works lead occasionally to a "back" 
of almost worthless material, which the most expert cement 
maker does not always succeed in utilizing. The facili^ 
of having under your own control and within the space 
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of a few yarda from tlie kiln the raw material is one of 
great importance, and cannot fail eventniJly to supersede 
a system where in large factories the raw material is some- 
times so remote in distance as a mile ftom the machinery of 
altimate conrersion. 

The wet procesa of cement making may be compared to 
the hleaching trade in Lancashire before the discovery of 
chloride of lime. To carry on the trade previous to that 
period, extensive acreage was reqoired to provide for the 
necessary surface while waiting on the desired result pro- 
duced by the air or weather system. Chemistry, with its 
magic wand, transformed the acres into yards and the weeks 
into hoora Cotton manufacturers are now doubling the 
steam pressure in their boilers, so as to increase the speed 
of their spindles. Like the " great Napoleon," they dis- 
regard those racing before them (believing that they them- 
selves are first), but have an eye to those pressing on them 
from behind. There are America and India close at their 
heels ready to take advantage of any taiae step. 

The Stettin cement manufactories, placed on the banks 
of the Oder, are very extensive, and have the commuid of 
first-rate clay and chalk. One of the factories has a supply 
of both these materials on the premises. Fuel of -the neces- 
sary quality ia of coarse more ezpenmve than in England, 
and much of the coke hitherto uaed has been produced 
from English coal. The introduction of the Hoffman or 
ring kiln, however, gets over much of this difficulty, as 
through its agency a very ordinary quality of coal can he 
used. 

There have been varioos methods used for the amal- 
gamation of the chalk and clay. One (which is probably 
now abandoned) was first to wash the chalk into a back, and 
after a certain period had elapsed, the value of the contents 
of the back were accurately ascertained — that is, the value 
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in their dried state. The clay was then finely powdered 
and mixed with the washed chalk in the cement proportionB 
on its passage throngb the brick-forming machine, from 
which the bricks passed of the required size of 9" x 4^" X 2^". 

In another manufactory the two materials were originally 
mixed together in a species of mortar-mill, with two edge- 
mnneiB. After a certain time of settlement, in nnusnally 
small backs, the slurry was taken out in rather a wet con- 
dition, and was mixed witii dried material, so as to enable 
the mixture to be passed throngh a brick-makiDg machine 
and formed into bricks of the usoal size. 

These manufactories labour under a considerable dis- 
advantage from their being absolutely closed during two 
months in the severeet time of the winter, when no labour 
can be carried on. 
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CHAPTER IX. 

THE MANUEAOTUBEI OF POBTLAND CEBIENT FBOH 1B.E BLDE 
LIA8 HATEBIALS. 

OwiKG to the imperfect and caielese manner formerly adopted 
in the bine lias distriots, very nnsatisfactory products were 
placed in the market, baTing a most damaging effect on the 
reputation of snch cements. Before and during the year 1868, 
the author in common with most engineers looked upon " Port- 
land cement" &om Warwickshire and Somersetshire (the 
more important seats of such manu&ctnre) with much suspi- 
cion, and generally characterized it as worthless and false. 
Ita sale was limited and confined to small coneamers, to 
whom its best Tecommendation was cheapness, and within so 
drcomscribed a lioiit of intelligence the damage eostained 
was not of a very serious character. In the early part of the 
year 1869 the author was consulted as to the best method of 
extricating the Boghy cement works from a dead-lock caused 
by misuuderstanding in the management. On visiting these 
works he found that raw materials of a valuable character 
were in abandanco, but a total absence of the necessary 
technical skill for their proper and profitable conversion. 
There was no PorUand eeToetU made there at that time, and 
the following prescribed formula will show that its pro- 
duction under such conditions was impossible. 

For the manufacture of best Portland the prescription 
was: 

In Winter. 

stone Sparta. 

Clay 4 „ 

In Summer. 

Stone I patl. 

Cluy I ,. 
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These propoitiona were roughly miDgled by the workman 
as they came &om the quarry. 

There was also produced what was termed light Portland 
cement by the following mixtures : 

In Summer. 



BannShilc. Beat PoRlud^ 


I«it Brick. 


FooixIrTCok.. 


6 2 


2 


3 


in Winter. 




6 1 2 


3 


3 



Ajid for heavy natural cement: 




ftrt. .. 


K«SS«. 


BanilSluIe. 


BntPunUul. 


U,bt Brick. 






9 


8 


2 


2 




Lias cement agam was made of: 




R«to .. .. 


Bm.lSh.1^ 


■^«». 


LWrt Brick. 






3 


I 


1 




while " Roman cement" was produced from : 




BnrntShile. 


Cnlniirtng 


Light Brick. 








Pute 




3 


i 


1 







The mampttlation of these several materials to realize the 
varions results was performed in the most careless manner, 
and tinder no special measures of capacity except the ordi- 
nary and irr^;Qlar sized wagons of about one cubic yard 
in volume used for general purposes at the works. 

We will explain a little more fully the nature of these 
several materials. 
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"Stone." — Containing aboat 80 per cent, carbonate of 
lime. 

"Clay." — Disintegrated stale, generally containing about 
20 per cent, carbonate of lime, abont 60 per cent, silica, and 
10 per cent, alomina. 

" Shale." — One of the beds of indurated shale, containing 
about the same proportions as the clay. 

" Best Portland." — Clinker taken &om the kiln when the 
best Portland cement was burut 

" Light brick." — The yellow or slightly burnt bricks 
from the same source as the last mentioned. 

" Foundry coke " — ^The best coke, as commonly used in 
the cnpola of an iron foundry. 

" Heavy natural stone." — A bed of stone approaching in 
chemical value to the proportions required to make a Fort- 
land cement 

" Burnt shale." — Shale specially burned for the purpose 
of these mixtures. 

" Colouring stone."— An imported material, obtained from 
the deposits of argillaceous ironstone in the neighbouring 
Korthamptonshire oolitic deposits. 

Such a jumble of miztnres and proportions clearly in- 
dicated that the management had no reliable knowledge <tf 
the true constituents of a good and honest Portland cement. 
The author had some difficulty, even after he was invested 
by the partners of the works with fVill authority, in upsetting 
this ignorant and damaging process of manu&ctnre, and 
directed bis attention to tiie more simple process of making 
a good Portiand cement The materials were carefully 
examined and analyzed as well as the circumstances of the 
works permitted, for it should be mentioned that these were 
originally used for making bricks from the days and shales. 
It was not long before a good heavy cem^t was produced 
by the following process : 
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The raw materials (stoDe and best shales) were accntately 
mixed in their rough condition, passed through toothed 
rollere, and thence to the horizontal millstones, &om the 
sponts of which the finely ground powder was elevated to 
the duBt-room. The next part of the process was that of 
passing the dust by double worms or creepers descending a 
shoot, where it received the necessary amount of water to 
render it sufficiently plastic for the piig>mill brich-making 
machine, through the dies of which it rolled on to trays 
which were passed into flues constructed on " Beart's patent 
principle." After being sufficiently desiccated, the bricks 
were pushed through these ovens and burnt in the old brick- 
kiln without cover of any kind. The kilns were oblong in 
form, and about 10 or 12 feet high. The bricks were built 
in layers, having placed betwe^t each course (as is done in 
other kilns) the necessary quantity of fuel in the shape of 
gas coke. The bricks were well clinkered, and, much to the 
author's satisfaction, produced really a good heavy cement. 
The kilns bad underneath the common " dead horses " or 
arches, which were nsed to light it up. These kilns were 
onnsnally extravagant in the cost of fnel, but owing to the 
difficulty attending the bnilding of new and appropriate ones, 
their service was continued, and, considering the circum- 
stances, with mach success. 

As may well be supposed, works producing (under the 
old system) such a medley of cements, created amongst the 
customers who were confiding enough to purchase its pro- 
ducts much eventual dissatisfaction and distrust Under 
such circumstances the author pressed on the market of 
Lancashire a good Portland cement, the acceptance of 
which was difficult, but owing to confidence in the writer 
as an acknowledged authority on Portland cement, and to 
his selling conditionally that if not good no charge was 
to be made, he eventually succeeded. It was necessary also 
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to Bell, for some time at least, this good cement at tlie same 
price as was formerly charged for the previously prepared 
mbbish. 

In addition to the difficultieB of such damaging reputa- 
tion, the anthor had to contend with a large list of old claims 
for damages, which were ultimately met. 

The quality proved to be as good as represented, and the 
reputation of cement made &om blue lias materials was esta- 
blished. The cement continues to maintain ita reputation, 
and can hold its own against the best-known Iiondon cement, 
unless where ignorance and prejudice stand in the way. 

These remarks are perhaps of greater length than the 
subject may appear to warrant, but the author is desirous 
that a cement-making source of so valuable a character — 
especially in Warwickshire — should not suffer from the mis- 
repreeentation of ita interested oj^nents. The products of 
the Warwickshire cement works find their natural outlet in 
a northern direction, for tbe cost of carriage to London 
operates against them entering into any lai^ snccessM com- 
petition with the Thames and Medway cements. In the 
northern counties, however, a la^ and increasing trade is 
done, and with a daily improving reputation, proving that in 
one inland district at least a good Portland cement can be 
made, equal in every respect to the beet and oldest esta- 
blished London cements. 

In the production of Portland cement from these ma- 
terials there is one great advanti^ they possess over almost 
every otiier — from whatever geological formation — ^that is, 
the small and almost inappreciable risk from cracking. 
The carbonate of lime s in so finely comminuted a steto, 
and so accurately blended with the silica and alumina, that 
no injurious development from this source can possibly 
arise, at all events in the direction of the cracking or blow- 
ing danger. 
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The facility with which cemeDta of a fast-setting type can 
be made from the lias materials is too tempting when a 
market can be fouud in which they may be consumed. The 
character of the whole of the lias localities has suffered in 
coDsequence, and it will still be a long time before it can be 
finally recorered. Notwithstanding the enlarged experi- 
ence and improved knowledge of the sabject, these imper- 
fect cements are anfortunately still prepared with such 
results as that described in Chapter XX. 

The existence of all the required raw materials for the 
preparation of good Portland cement, and the facility with 
which they can be converted, will ere long stimulate the 
manufacturers in the lias districts to a more safe and truth- 
ful development of their undeniably great advantages. 
There are lias deposits on some of our seaboards from 
whence there could be easily nurtured a Iara;e and profit* 
able export or foreign trade. There can be no question 
about the various fiicilities the lias district possesses over 
any other analc^us geological deposits, and the more im- 
portant is the readiness and shortness of time in which a 
cement can be converted from the limestones and shales. 
In all weathers and on the same ground from the time of 
quarrying to the filling of the sack or cask for the market, 
one week is ample for the process of mannfitcture, and the 
improved machinery and methods of conversion by im- 
proved kilns is likely before long to reduce even that short 
period. While therefore the wet or chalk and aUnvial clay 
converters are waiting on the protracted results from their 
manipulation, a dry or lias, and other similarly circum- 
stanced manufactQrer can turn his capital round at least 
a dossen times. 

But the Thames cement makers insist and proclaim that 
it is not Portland cement if made from any other material 
than the London chalk and day. They forget that the 
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ioventor of the name (Aspdin) called his material Portland 
cement from its reeemblance to the Portland stone, and it 
was obtained from materials other than London chalk or 
alluTial clay. If Aspdin or those with whom he bad been 
associated poesessed or conld have commanded the required 
chemical knowledge, they never would have gone sontb to 
operate on materials whose best recommendation besides 
their great purity was the facility with which they could be 
rendered soluble. This circumstance led to the institution of 
a clumsy and hap-hazard system of mann&ctnre, so that in 
1859, when called npon by the Metropolitan Board for a 
reliable cement that would stand a tensile strain of less than 
200 lbs. to the square inch, not more than 20 per cent of 
the manufacturers could accept or perform such conditions. 
They at that time received a lesson which baa proved bene- 
ficial to themselves and their customers. Instead of boasting, 
however, of the acres covered by their works and of the 
miles of tramways by which they are traversed, it would 
be better for their eventual reputation to consider whether 
the time has not arrived to reduce the surface of the one 
and the ramifications of the other, and thereby bring down 
the cost of their productions. 

There is much difficulty in removing prejudices, and 
probably it will take as long to establish on improvement 
in making Portland cement as it has done to introduce 
machinery in the c(^:nate process of brick making. That 
art fifty years ago occupied about the same relationship to 
the improved machinery of to-day, that the Thames and 
Medway cement works now do to the improved mechanical 
and chemical system commonly known by the name of the 
dry process. It is not long since some of the implements 
used in brick making were identical with those employed by 
the ancient Egyptians in making their bricks. The same 
form of Portland cement kilns in which Aspdin burnt his 
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materials are with but little difierence the kilns of to- 
day. 

The inoreasiiig maguitade of the Thames and Medwaj 
cement works raises a question of their being quite correctly 
placed in the midst of or contignoos to densely populated 
districts. It is just possible that such manufactories as now 
conducted may be controlled and regulated under the pro- 
visions of the Noxious Vapours Act. 

There is not now much remaining for ns to say regarding 
the production of Portland cement from lias materials, 
except to remark that instead of a measure of capacity one 
of weight should be substituted, and it would be more 
advisable to pass the stones and shales through the breaker 
before performing the mixing operation. By this means 
you would the more accurately secure the homogeneity of the 
raw mass, and prepare it for its perfect amalgamation in its 
passage through the horizontal millstones. 

In dealing with the dust, a brick-making machine should 
be selected capable of compressing the mass into as solid a 
brick as possible. The more pressure yon can apply the 
better, as you are enabled in that case to reduce the quan- 
tity of water, and thereby express from the brick as much of 
the contained air as possible. The particles cannot be 
brought into too close contact if the beet respite are to be 
secured from the action of the beat in the kiln. In a lias 
quarry there will always be found a large preponderance of 
shales, and as some of these contain an undue or rather an 
unsafe quantity of iron pyrites, it requires care to select 
the purest. The existence of the shale difficulty is doubt- 
less the reason why past as well as present cement makers 
in the lias districts make such a variety of cements, and 
thereby utilize the waste. 

The burning of the cement in open kilns does not really 
interfere with the value of the cement, but, on the contrary, 
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&cilitatee the expulsion of the carbonic acid gas. Another 
advaotage which is also realized by the ring or HoE&nan 
tjrpe of kiln, is the readiness with which the kilns can be 
loaded and nnloaded, being on the same level as the general 
floor of the maua&ctory. One of the objections, as before 
observed, is that of extra cost of fuel, which the open and 
exposed form renders auavoidable. There is, nnless when 
the conditions of the weather are &vonrabIe, a sluggish and 
uncertain combaBtion, which, in the absence of dumney or 
shaft, provides no means of regulating or increasing the 
draught. Although operating in an extemporized cement 
works, and generally speakiDg in the absence of special 
advant^;es which would otherwise be secured, the author 
found that a good and reliable heavy cement could be made 
at lees cost of fuel than is required to produce a cement 
of equal weight in the chalk districts. There is not much 
doubt that in times of ordinary cheap fuel and labour Fort- 
land cemeut could be produced, including every cost, in* 
terest on capital, and all contingenoies, at eighteen shillings 
per ton. To accomplish this, however, it would be necessary 
that the manufactory should be erected with special refer- 
ence to the duty required of it, and command the most 
recently improved reducing machines, as well as the best 
form of kiln. 

This is porhaps as good a place as any to examine what 
is required in the reduction of the raw materiaU, so as to 
fit them for the brick-forming operation. It will be neces- 
sary to take the most careM means to ensure that the 
powder is even in quality or texture, and that none of the 
grains are lai^r than can be passed through a sieve i^ 900 
meshes to the square inch. The dry process has not at this 
st^e the advantage commanded by the washing or wet one. 
Sndi materials, capable of being dissolved by the wash- 



ed tyGoOgle 



I mil WW T FBOH T.TAH KATKRIAM. 177 

mill, aie limited to chalk, marls, olay, with others of com- 
paiative insigiuficaDce, and when, as they frequently are, 
alloyed with insolnble ingredients, the washing operation 
faUa to purge them unless by the exercise of the strictest 
precantions. . 
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CHAPTER X. 

THE MANDPAOTDRE OF POBTLAND CEMENT FROM THE 
CARBONtPEROCS AND OTHER LIHESTONEB. 

The wide range of quality in tho variooa limestonee, whether 
we regard their physical character or their value in a che- 
mical direction, is very considerable. Glenerally speaking 
they may be considered aa too hard or cryBtaUine in texture 
for such treatment as that bestowed on the chalks and other 
amorphous materials. This obduracy of natural constitution 
necessitates the apptication of effective and specially adapted 
machinery for its thorough, and as nearly as possible perfect, 
redaction. There can be no question that the manntacturer 
using such materials is burdened at the initial stage of his 
operations with expensive machinery not required by those 
engaged in the conversion of chalks and clays. These 
unkindly qualities of this class of materials have led to many 
Buggestions for their compound and other treatment. The 
double-kilning process, as it is sometimes called, destroys 
the crystals, and in fact the whole structure of the stone 
by its conversion into lime. It is then properly quenched 
or slaked, and reduced to a pasty condition, and in this 
hydrated form is mixed with the clay sometimes in a finely 
powdered state, and also as a semi-fluid. The preferable 
method would be to introduce the powdered clay while 
the mass is passing through the brick-moulding stage, 
not directly into the pag-mill proper of the machine, 
bnt after it had traversed a properly defined space, pro- 
vided with doable screws, working on two spindles or shafts 
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going in a paisllel direction. This would ensore the homo- 
geneity of the mass and eecure its perfect amalgamation 
in the brick machine. One great advantage in this treat- 
ment is the eventual saving in the fuel required for the 
kUs. There ia no donbt, however, that, although securing 
the most perfect condition for convereioD, it involves an 
extra cost in the initial process of decarbonization of the 
limestone. Such a cost, however, depends on the locality 
in which the process is performed, and most be influenced 
entirely by the nearness or remoteness of the fuel. Some 
makers have endeavoured to substitute a partial process 
of calcination, bat, so far as the author knows, with bnt 
little success. If yon adopt this system, either go the whole 
length or fall back on the reducing machinery, no middle 
conrae can be dealt in with safety. 

The materials having been duly selected and their che- 
mical value accnrately ascertained, we have only to adopt 
the best devised machine for their perfect reduction. In 
Chapter XI. the various machines are minutely described, 
but we may here shortly follow the various processes. 

The Blake's crusher will in all cases be found the machine 
best adapted for the treatment of rough materials, and from 
which they pass into the secondary or Goodman's machine. 
At this stage they are susceptible of easy mixture with each 
other, for oar opinion is in favour of separate and distinct 
treatment until they reach the horizontal millstones to be 
finished. Much will depend on the character of the clays 
and shales vrith which the manufacturer has to operate. 

A. short description of a compound treatment as success- 
fully adopted at Dovdoles, in Derbyshire will perhaps be 
the best illustration of what is not by any means a very 
difficult process. 

The materials dealt with are lime waste, shale, and car- 
boniferous limestone. 

N 2 
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The waste is first thoroughly desiccated, becoming hj 
that treatment a powdery and easily reduced mass. The 
shale, owing to the present snpply being of a heterogeneous 
character, koA in some of its component parte impregnated 
with iron pyrites, is mildly burnt in large heaps in a manner 
somewhat similar to that adopted in converting clay into 
railway ballast. The limestone is rednced to pieces the size 
of hazel nuts by the agency of a Blake and Goodman 
crusher. All these several materials are then in a fit coq- 
, dition to be taken to the horizontal millstones, through 
which, in their proper proportions, they pass on at once in 
ft fine powdery stato direct to the brick-making machine, 
through which at present they are pugged, regardless of 
their form, and conveyed to the drying plates for final 
desiccation. In irregular lumps it is in a few hours passed 
on to the kilns and laid in alternate layers with good bard 
coke. About 75 per cent, of the lime element in this mix- 
ture being hydrate of Ume, a considerable saving in fuel is 
thereby effected. Even with this &vourably circumstanced 
mixture some danger is risked irom the liability of the 
particles to get separated from tiieir desired closeness of 
oontact by the irregular running of the millstone^ and also 
on the application of the water of plasticity, which if care- 
lessly or irregularly distributed leads to a faulty mass, which 
in the kiln results in a duBtin^ or imperfect clinker. In 
any new arrangement for the conversion of raw materials, 
differing widely in texture and specific gravity, it would be 
preferable to provide for the separate grinding of each 
of the matenals, and afterwards mix them by a double 
hopper beforo entering the carrying screws to the hrick-mi]l. 
The proportions could thus be more accurately blended and 
the kiln resulte thereby made more even and regular. No 
trouble should be spared in making the material at this 
stage as perfect as possible, for any carelessness here will 
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entail an amoont of loes in the concluding processes, which 
no suhseqneat provision can remedy. 

There ia an advantage in having a large quantity of raw 
powder in advance of your wants — say at least twenty-four 
hours' supply, for a period of soaking of that duration has a 
most beneficial influence on the quality of the resulting 
cement. In adopting this method there would be an extra 
cost in moving the mass so retained to the brick machine. 
The improvement of the cement, however, more than counter- 
balances any question of extra labour. 

The dry method may, even with such progress as has 
been made, be regarded as in its in&ncy. The earlier 
experimenters in this country, at all events, have been gene- 
rally ignorant of the requisite chemical knowledge and too 
narrow-minded or impatient to caU to their aid the assist- 
ance of specially skilled experience. Some, without the 
suitable machinery, have failed, because they could not 
succeed in reducing the materials fine enough to ensaie 
successful results. Notwithstanding the extent of these dis- 
appointments, they are as nothing compared to the mistakes 
and blouders of the early operators in chalks and clays, who 
stumbled in the dark in the midst of great and persistent 
opposition on the part of the Bomaa cement makers. 
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HACHISER'X OF BEDDCTIOH. 

The kind of machinery requited for thia purpose will greatly 
depend cm the system pursued. By the wet method the 
wash^mill treate the raw materials so as to fit them for 
the succeediDg operation of drjnng and hnming. The dry 
method requires the assistance «^ stooe-breakers, triturators, 
or other reducers, before the raw materials can be rendered 
snitahle for the processes of desiccating or burning. From 
this point the machine treatment of the resulting clinker is 
common to both systems, and their description or a discussion 
of their respective merits will be equally applicable to the 
raw as well as the calcined materials. 

The most widely known class of stone-breakiDg machines 
are those of the Blake type, and their general adoption in 
nearly all part« of the world safficieotly indicates that the 
leading principle of their construction is well suited for the 
purposes to which they are generally applied. The nume- 
rous failures that have arisen during the last twenty years in 
the search alter a reliable stone-breaker indicated that such 
a machine was a necessity, and there is some satisfaction iu 
knowing that the various and gradual improvements on the 
original " Blake " now almost reach the point of perfection 
attainable through that design. 

So much depends on the succeesfhl and economical reduc- 
ti(m of the materials &om which Portland cement is made, 
that we regard a fiill and searching examination of the 
machinery through whose agency it is effected as highly 
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Decessaiy. The most ready way perhaps to give Bome idea 
of its importance, and to illuatrate the TariouB stages of this 
machiDs's development, will be by tracing its several modi- 
ficatiouB from, as nearly as we can ascertain, its original 
source. There are two leading features in all the machines, 
of whatever form they may be, which indeed have led to ita 
success. The one the eccentric motion from the shaft, and 
the other the movable jaw action, and without which a 
Blake's stone-breaker would be almost as useless as a cart 
without wheels. The act of breaking stones, even with the 
hammer intelligently guided by the hand, is not only 
laboriooB, bat Cfstly. A. machine designed to imitate this 
action, such as stampers actuated by gearing and cranks 
coming as they did into direct and violent contact with the 
materials nnder treatment, developed an amount of concussion 
destmctive in its character and froitless in its effects, fre- 
quently resulting in dam^e to the machine, however 
strongly made. \ The idea therefore would naturally occur 
to the machinist to obviate this objectionable effect by s 
distribution of the shock through the skiliiil combination of 
the different parta of the machine. Such necessary design 
must have occurred to the original contriver of the machine, 
and we take from an American book an illustration of 
stoue-breakers at work in the Central Park, New York, 
probably about twenty years ^o. Fig. 3 is a longitudinal 
section of the essential parts of a stone-breaking machine, 
A A' is the frame of cast-iron inasingle piece, which receives 
and supports the other part& This frame consists of two 
parallel cheeks. A, connected together by the parts A' A 
(shaded with diaf;onal lines). The arc B represents a fly- 
wheel, of which there are two, one on each side of the frame, 
working on a shaft having its bearing on the frame. This 
shaft is formed into a crank, E, between the bearings, and 
carries a paUey, C, to receive a belt from a steam engine or 
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other driver. The fly-wbeel, the section of fly<wheel shaft, 
the pulley, and the arc described by the centre of the 
crank in its revolution, are indicated by dotted circles. F ia 



y 



a pitman, or rod which connects the crank with the lever G. 
This lever has its fulcrum on the frame at H. A verHeal 
piece, I, stands upon the lever, against the top of which 
piece the ioggUs J J have their bearings, forming an elbow or 
tt^gle-joint. E is the fixed jaw, ^;ainst which the stones 
are crushed. This is bedded in zinc against the end of the 
frame, and held back to its place by checks, L, that fit in 
recesses in the interior of the frame on each side. M is the 
moiHMeJaw. This is supported by the romid bar of iron, 
N, which passes freely through it, and forms the pivot on 
which it vibrates. O is a spring of indiarubber, which is 
compressed by the forward movement of the jaw, and aids its 
return. 

Every revolution of the crank causes the lower end of the 
movable jaw to advance towards the fized jaw about a 
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qnartei of an inch and return. Hence if a stoDO be dropped 
in between the convergent &ces of the jaw it will be broken 
hj the next succeeding bite ; the resulting fragmentB will 
tben fall lower down and be broken again, and bo on, until 
tkey are made small enongk to pass out at the bottom. The 
distasce between the jaws at the bottom limits the size of 
the fragments, and may be regulated at pleasure. A varia- 
tion to the extent of five-eighths of an inch may be made by 
turning the screw-nut P, which raises or lowers the wedge Q, 
and moves the toggle-tloek B forward or back. Further 
variations may be made by substituting for the tc^gles J J, 
or either of them, others that are longer or shorter ; entire 
toggles of different lengths being fumiahed for this purpose. 

The proper speed for this machine was 200 revolutions per 
minute. 

It will be observed that the New York stone-breaker bad 
a crank instead of an eccentric, and although it may appear 
complicated in comparison with the improved modem 
machine, there would be, although perhaps obtained by 
increase of friction and multiplicity of parts, an almost entire 
freedom from shock or concussion. The most modem form 
of this description of stone-breaker has not lost much of its 
original character, lor its two leading characteristics in all its 
modified forms are the jaw and the crank (eccentric) action. 
It does not appear that the abovoKlescrlbed breaker had 
acquired at the time mentioned any distinctive name, but we 
may (airly assume that it was the machine from which all 
the others have sprung, and clearly illustrates with what 
tenacity every succeeding improver has dung to its two 
salient featares or points of excellence. 

We will now proceed to describe the various improved 
patterns of this machine made since its first introduction 
into this country. It will be found that the numerous 
altered designs indicate a strong desire to mitigate the 
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vibrations of the shock while working, and to reduce as macb 
as possible the wearing parte. The general appreciatioD of 
Blake's machine indicates that in principle it is correct, for 
the strong hold it has in public estimation favonrs such a 
supposition. 

It was invented by Blake, an American, and exhibited 
in London in 1862. It was aboat that time patented by 
Marsden, who until 1875 posBessed sole right to mannfaeture 
the stone-breaker, and exercised his privily so exdn- 
sively that all of these machines until that time were made 
by himself or under his supervision and control. Such 
a monopoly so rigidly exercised shut out of the market all 
attempted improvements (many of which resulted in heavy 
and expensive litigation in their defence), and encouraged, or 
rather tolerated, a careless make of the machine itael£ 
Since the expiry of the patent several improvements have 
been made, but they are of such recent introduction that 
very little opportunity has been afforded of testing their 
respective merits. Fig. 4 shows a Blake's stone-breaker. 

The primary object in the Blake's machine is the obtain- 
ment of the crushing force or power from an eccentric action 
of the shaft D, which is driven by a pulley fixed on one of 
the fly-wheels. There is a fly-wheel, B, on either side of this 
shaft, and the speed is usually about 250 revolutionB per 
minute. From the shaft is depended a connecting rod, E, 
at the bottom of which are fitted movable tc^gle-plates, 
6 G, on either sida The eccentric action of the shaft at 
each revolution imparts a swinging or lateral motion of the 
connecting rod, and through the to^le plates it is conveyed 
to the jaw, J. An indiarubber spring attached to the jaw at 
its lower extremity draws it back after completion of the 
stroke. The action is simple in character, and under favour- 
able conditions these machines produce excellent results 
at a comparatively low expenditure of power. They are 
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easily adjusted to aoit the varying sizes of the materialB 
required hj dianging Uie toggle-jdatee. 

The comparatively acate angle also with which the movable 
jaw impingeB against the fixed one induces a tendency to 



slip the stones oot, and accidents have occasionally arisen 
from this cause. It will be found that the most economical 
results are obtained when the materials operated upon are 
free from other than latent moisture, and as they approach a 
crystalline character the greater will be tlie output &om the 
machine. The fracture of the stones caused by the stroke of 
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the movable jaw Decessarily produces a considerable amoont 
of dost, which, from a cement-makiDg point of riew, is not 
objectiooable, bat, on the coDtraiy, beneficial. 

The Blake machine is only here recommended as 0ie first 
agent for reducing the larger materials to a size about four 
cubic inches to supply an intermediate reducer before the 
passage of the materials to the final operation performed by 
the millstones. A Blake's machine worked under such con- 
ditions would prove a most valoable auxiliary in cement 
making, instead of occupying the ordinary and misunderstood 
position which it now generally does. The Blake's machine is 
not designed, nor by its mechanical arrangement is it adapted, 
for the fine reduction of minerals or materials of any kind. 
When such work is sought from it nothing bnt disa{^int- 
ment arises, owing to ita unfitness for other than the work for 
which it is specially made. This machine should receive 
&om the quarrymen the stones on which it is to operate, 
and pass them broken and crushed in sizes not less than 
three or more than four cubic inches. This produce should 
then be farther reduced by a machine of a difTerent character, 
the leading features of which will he hereafter described. 

There have been many attempted improvements on the 
original "Blake," bnt as these more or less pirated the 
particular form of jaw upon which Marsden's patent was 
supposed to be founded, their manufacture and use was 
prohibited by legal injunction. Thus baffled in the adoption 
of the eccentric and jaw action, various inventors devised 
machines of a clamsy and inefBcient character, whose merits 
were not striking enough to obtain for them any lasting or 
definite positicoi as usefol or economical stone-breakers. The 
expiry of Marsden's patent opened the field for legitimate 
improvements, and we shall now proceed to point out their 
nature and character. The two recently patented improve- 
ments on the " Blake " are perhaps entitled to our first coa- 
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fiideration, from the fact of their emanating from gentlemen 
who had been for a long time identified with Mareden in the 
make and commercial development of his machina 

Hall's " multiple action " machine, as shown in Figs. 5, 6, 
7, is pretty nearly in fonn and pattern like the originaL The 



inventor of this improTement claims an advantage in effect- 
ing a considerable reduction in its weight, owing to the 
avoidance, through his peculiar disposal, of the jaw action, 
by which all strain and consequent vibration is avoided. 
Another advantage is eJso gained by Mr. Hall in substituting 
for the troubleoome and unreliable indiarubber spring a 
draw-back motion self-regulating and self-acting. Fig. 5 
shows the position of this arrangement, X being the 
coupling rods connected by a cross lever T mounted on 
a stud at the back of the machine ; the jawa securing by 
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tbis artangement their accarate withdrawal after the stroke 
has been performed. 



The primary featm^, and indeed the salient point of this 
improvement, consists in dividing the jaws as shown in 
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Fig. 6, the driviDg shaft, D, haTing two eccentrics, d, d, each 
of which actoates its respective part of the divided jaws, 
J, J, so that one is receding while the other is advancing. 
Is iaot we maj almost describe this as a donble machine. 
The advant^e which appears to ua obtainable through this 
combination of jawa, apart from the merits attributed to it by 
the inventor, is the prevention of jamming, an important 
advantage, for much time is freqaently lost iu freeing the 
stones when they get wedged and beyond the impinging 
influence of the jaws. Accidents are frequent &om this 
cause, owing to the workman hammering down the stones 
into more intimate contact with the jaws. The new multiple 
arrangement will tend to overcome this difficulty, for there 
will be a constant vibratory action facilitating the passage of 
such stones as either from their configuration or condition 
have a tendency to choke or obstruct the machina Some- 
times this derangement arises from careless feeding of the 
machine, or the introduction of stones too large to be profit* 
ably acted upon. 

Mr. Hall further meets a want by introducing a system of 
jaw reparation, as shown in Fig. 7. Those bmiliar with the 
nse of stone-breakers have experienced the costly character 
of the jaws, which so freqaently require renewal. The 
greatest amoant of wear is at the lower end of the jaw, which 
being hitherto in one piece, considerable waste was incurred 
in having to abandon jaws only partially worn. 

The moving jaws J (Fig. 7) have a raised projection J', 
which is chilled on the top, cast across the face ; this is 
undercnt at each side and suitable faces let in, and held at 
the top at P and bottom J^ by wedges or wedge-fihaped 
bolts, which can be easily tightened without the removal of 
any parts. The fixed jaws are also made in two piecee^ and 
each particular section of &ice can be reversed, so as to 
present two wearing surfaces. 
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There aie in Mr. Hall's machine three marked and 
significaot alterations claimed by him aa of importance and 
advantage, 

lat. As most beneficial, the dinaion of the hammer or 
striking jaw, 

2Dd. The arrangemeDts for ensuring the accorate retorn of 
the jaw after performing the stroke of impingement. 

3rd. The facility with which portions of tha wearing jaw 
fiices can be remoyed and fireeh ones Bnbstitnted. 

From a practical point of view, the second and third 
alterations are moat desirable, and should result in mnch 
economy. The divisioD of the hammer-jaw is of coarse 
attended with an increase of friction and a liability to wear 
from being exposed to the dnst at the joints. Those 
accnatomed to break snVcrystalline limestone with the old 
Blake's machine will be ^miliar with the large quantity ot 
almost impalpable dust prodnccd, and it is from this source 
that liability to derangement and wear and tear are to be 
apprehended. The improver of this machine has probably 
not overlooked this, what the writer regards as a moderate 
weakness, and has prepared a remedy, 

Messrs. Broadbent's improved Blake stone-breaker consists 
of an altered design of the machine, having a special arrange- 
ment called a " patent positive draw-back motion," as shown 
in Fig. 8. There can be no doubt that this is a great 
improvement, for the original indiarabber spring was on- 
reliable, and when the accuracy of its adjustment was 
neglected mnch waste of power and consequent inefiSciency 
of resolta took placa A reliable arrangement of this kind 
ensures the return of the jaw, and conaeqnently will much 
diminish, if not entirely overcome, the tendency to fooling or 
choking of the machine. Hitherto in all the old and original 
types of the Blake the impolsive action was primarily im- 
parted to the jaw through the eccentric of the shaft, and the 
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proTision for the rebound was eotirely dependent on the 
elasticity and accurate adjiietment of the iudiaiuhber washer 



or spring attached to the coupling rod X, Fig. 5. The 
eTidence which we hare placed before our readers shows 
that both of the above-named improvers attach mnch im- 
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portanoe to tlie aecesEdty of a more reliable scheme of 
rebotmd, and we believe that this apparently indgnificaQt 
alteration will result in much benefit to those using the Blake 
or other similarly designed 8tone>breakers. It is almost un- 
necessary to remark that the driving shaft of these machines 
requires to be of great strength and accurate in construction, 
for unless the eccentric and the head of the connecting or 
swinging part F (Fig. 5) fit exactly, a great waste of power 
will arise. The usual method of securing a close and perfect 
fit is to pour in white metal around the eccentric shaft. 

The two machines we have just described differ little from 
the Maraden-Blake, as they adopt its action and effect the 



improvements on its lines. We shall now proceed to offer 
some observations and particulars of other stone-breakers 
differing considerably from these, especially in the mode by 
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which the acting impulse is oooveyed to the movable or 
worhiog JBW. 

Figa 9, 10, 11 represeot the "Excelsior" stone-breaker of 
Messra Gray and Co. ; Fig. 9 the elevation, Fig. 10 sectioD, 
and Fig. 11 the plan. 

Fro. 10. 



It will be seen on r^erence to the woodcata that the 
motion from the eccentric on the shaft is oonToyed by a 
connecting rod to the top of the lever by which is imparted 
the swinging action again transferred throngb the toggle to 
the working jaw. The arrangement for thus distributing the 
shock must tend to great economy in the working of snch a 
machine. This stone-breaker has obtained a high position 
in the preparation of road'inetal for macadamizing roads. 
For this porpoee Hope's cubing jaws are oaed, and it appears 
from comparative trials made in Ireland last year this 
breaker exhibited the most satisfactory results in the pro- 
dnction of road metal. Id this direction, from a cement- 
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making point of view at leaet, no special advantage arises, 
for the more the stone or clinker is fractured the better will 
be the results. Any quantity of dust can be tolerated by 




the cement maker, for his only object is to reduce his 
materials as finely as possible, and by the shortest and least 
expensive means. The " Excelsior " machine is not by its 
action or mechanical arrangemeat precluded from producing 
much finer results than road metal, for it indeed possesses 
all the facilities in common with the other stone-breakers of 
reducing the stone to almost any desired size of which this 
principle is capable. 

We will continne our discosdon of the stone-breaking 
machinery by a reference to Archer's combined breaker and 
pulverizer, made by the Dnnston Engine Works Company. 

Fig. 12 represents a sectional view of this machine, in 
which is developed another adaptation of the Blake, that 
may fairly be termed a compound lever action, dispensing 
altogether with toggle-plates and similar distributors of the 
initial force. The centres of the working parts being in one 
vertical line, reduces the fictional robbing to a miaimum, 
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and as the lever in its retarn after the performance of tbe 
stroke takes the jaw with it, tlie necessity for the spriogB or 
draw-bar action is entirely obviated. Nothing apparently 
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can be more simple than this breaker, and if the work which 
it can perform be eqaal to that done by its more complicated 
competitors, a step most advantageoQS to all who require to 
use stone-breakers will have been made. 

The combined pulverizer is not an advantage from our 
practical point of view of tbe reducing process, and it would 
be better, in our opinion, to detach such machines, for they 
are necessarily driven by distinct and separate gearing. 

In this perhaps too lengthened reference to stone-breakers 
we have purposely avoided alluding to their cost, working 
performances, or other particulars, as we do not pledge our- 
selves to either one or the other. The object of this dis- 
cnsdon being a desire to familiarize our readers with the 
distinctive charactaristics of the best -known machines. 
Their several makers can easily be referred to for further 
information, and this preliminary study through our pages 
will, we trust, prepare the inquirer for an intelligent selection 
of what bis peculiar requirements demand. It is the du^ of 
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cement makers at all events to enoonr^e improTemente id 
these or any other of the machines required hj them in 
their trade, and by bo doing give a healthy atimolos to the 
improrer, who can only find the necessary encouv^^emeut for 
progress through such patronage. 

There is much disEdmilarity in the Tarieties of the materials 
with which the cement maker has to contend, and some 
machines may be foond more advantageoos than others, ac- 
cording to the quality and character of the minerals operated 
on. The clinker shoold be even and oniform in texture, for 
from whatever materials it may be made, the resulting 
product should be regularly alike. 

The observations which we have made on the varions 
modifications and improvements on the original Blake'a 
machine and its many modifications is partly prelimiuaiy 
to a description of another almost equally useful reducer, 
known by the name of a " Goodman's Crusher." It is of 
much more recent introduction than its American prototype, 
hut bids fair to reach an equally satisfactory deyelopment. 

The Goodman's Crusher or Triturator, which also receives 
its actuating force from the eccentric action of the driving 
sha^ is of considerable importance to the cement maker, 
from its occupying an intermediate position between the 
Blake's and the millstones, effecting thereby an equal and 
economical distribution of the work to be performed. In- 
stead, however, of its being transferred by the intervention 
of other parts or members, it is direct and at once acts on the 
movable jaws, as shown in Fig. 13. 

In our description of this machine we will confine our- 
selves to the crushers only, as our experience in the use of 
the triturator for cement-making purposes has not been 
satisfactory. The combined machine was at first designed for 
reducing the metalliferous quartz rocks with the view of 
extracting the ores therefrom, and for this purpose water was 
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freely used bf the airangemeDt indicated in the woodcut. 
Probably SDch a combination of machinery might, however, 
be advantageously used in the eemi-wet {m)ce68 of the chalk 



districts, known as the Goreham process. The oombination 
inrolTes the necessity of using toothed gearing, and thus 
much of the advantage from uniform speed and action is 
lost There is only a single fly-wheel in the centre of the 
bame, and the benefit obtained by the donble arrange- 



3dbvGoOg[e 



200 SOIENOB AMD AST OF POBTLAKD GEHZNT. 

ment in the Blake and its rariouB adaptations is thns un- 
sttainabla 

This machiDe is simple in character, and has proved itself 
very useful in receiving the materials from the Blake in 
pieces of from 3 to 4 cubic inches, or even less. The dnty 
performed should be regarded as an intermediary one, its 
capacity of work being balanced and its position adjusted so 
that it may be fed from the Blake, while its produoe in torn 
should go direct to the hoppers of the millBtones. This 
machine can be set so as to reduce the materials to the size 
of hazel nuts or even smaller, and it would be an advantage 
to free the ontpat of the " Goodman's " of the dust resulting 
on its pasBi^ to the millstones. A simple vibrating screen 
or sieve arrangement could readily be devised for this 
purpose. At all events, and regardless of the advantage 
which would arise from feeding the millstones with suitable 
clean materials, the cost and trouble would be more than 
compensated by the produce from the sieves in the shape of 
marketable cement on the one hand, and ground raw 
materials on the other. 

The " Goodman's " machine should be driven at about 
250 revolutions per minute, and owing to its great simplicity 
and direct-acting character little attention is required to keep 
it in true and regular action. It is necessary to be careful 
that the driving shaft in this as well as in the Blake should 
be safely protected from the dust, or destructive wear will 
soon render the eccentric untrue, and the result would of 
course be increased friction and diminished work. These 
machines are competent to do equal work with the Blake, 
only they require a greater amount of preliminary manual 
preparation of the stones, which cannot be passed through 
them equal in size to what the Blake machine can deal with 
economically. It would be putting undue strain on this 
class of machine to attempt to produce work of an equal 
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character to tliat performed by the " Blake," and yon coald 
not profitably obtain from it in tarn the same kiad of work 
SB that easily execntsd by the " Goodman," 

The single Gkiodman's machine is, aa shown in section 
(Fig. 13), mounted on a strong cast-iron frame, having a 
driving shaft (similar to the Blake), on each end of which is 
fixed a fly-wheel. The eccentric on the shaft receives the 
clnb or hammer, the end of which is produced in the manner 
shown on sketch. The machine is driven by a pulley fixed 
on either side of the shaft as in the Blake, and of course the 
necessity of gearing as in the combined machine is thus 
entirely obviated. As the shaft or spindle rotates, the 
hammer is moved backwards and forwards, thus imparting to 
it a slightly rotating swinging action, the force of which is 
imparted to the jaw fixed thereto. All the necessary require- 
ments for adjustment of the jaws and their replacement or 
reparation are equally convenient with the other machines. 
In those machines first made, diagonally faced jaws were 
used (that is to say. Instead of vertical corrugations they 
were cut across at an angle of 45°), which arrangement was 
supposed to take advantage of the pecaliar actioo of the jaw, 
but in practice they were found unsnitable and abandoned 
for the vertical ones. 

Although we have stated that the action is primarily 
derived &om the eccentric power of the shaft, it differs 
essentially from the Blake, inasmuch as the force applied 
is direct and without transfer by lever or toggle-plates. It 
also differs in being, instead of a parallel thrust like the 
actuated pendulons jaw, partially rotatory in character, thus 
effecting a nseful grinding action in the arc of the circle 
which it describee at every revolntion of the eccentric shafL 
This peculiar action imparts to the machine a pertinacity in 
dealing with all materials subjected to its treatment, for if 
oace a stone is inserted between the jaws it must eventually 
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pass through, and if unfit to receive at ODce the necessary 
impact, the grinding action will ultimately prepare it for 
its effectasl redaction. The Blake mactiine can only act 
through fractoring the stone, and antU this occurs the jaws 
must be blocked, as is inTariably the case when ongnitable 
stones are put into the machina 

The balancing or resting of the hammer end or shaft, and 
the action imparted thereto by the eccentric motion is a weak- 
ness in this machine, and adds aunecessarily, in otir opioion, 
to its cost In fact in nearly all of the maohiDee which we 
have seen at work this hammer end or shaft, if we may so 
term it, has been fractured, and when afterwards repaired by 
bolts and nats (&stening two parallel plates on each side of 
the fraotore) were found to work more adyantageously. It is 
obvious, therefore, that the too rigid and UDneceasarily 
extended shaft had not sufficidnt elastidty to withstand the 
shock of any undue strain on the jaws caused by irregular or 
ignorant feeding of the machine. It was osually found that 
an accident of this kind arose from patting too large pieces 
of stone into the hopper, or the attendants endeavouring 
by hammering to pass through unsuitable or irregular sized 
stonee. 

In Fig. 14 is shown a double-acting Goodman's crusher of a 
simple kind, and capable of doing a large amount of work if 
accurately fed and controlled at a proper speed. The action 
or impact of one side of the moving jaw is downwards and 
the return stroke upwards, so that only one side of the jaw is 
under the eccentric impulse at one time. This machine can 
be adjusted by a wedge-shaped plug or key controlled by 
set screws at each side of the fixed oi side jaws. The parts 
of this design are few and capable of easy reparation and 
adjustment, very portable in character, and could be made at 
a comparatively low cost. Its most desirable situation in a 
cement factory would be above the hoppers of the horizontal 
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millstonee, to feed which its produce conld be carried by 
* creepers or screws to the desired points of delivery. 



DODBLB-AOTDTO " OOODMAH'B 

The Tariona improrements in the form and mode of attach- 
ing the jaws as now applied to the Blake stone-breakers, 
admit of similar treatment in these machines or cmshers, by 
which name they are, or at least onght to be, distingaished 
from the Btone-hreakers. 

A great improvement in the Goodman's crasher is shown 
by Fig. 15. The machine thns improved has been found to 
produce much better work at less cost than the original, and 
its simplicity of construction reduces the weight of the 
machine itself so aa to render the price less than that usually 
charged for the present crushers. 

Ad excellent alteration in this amended " Gkiodman " is 
fixing the jaw at a lower point, so that instead of the actuat- 
ing impulse from the eccentric being applied, as in Fig. 13, 
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in the middle, it ia placed &t the bottom. This differeDce of 
uirangement would not have been possible in the original 
machine, but the gniding or balancing of the jaw admite of 
this plan, the advantage of which is obvious. 



There ia much difficulty in altering the form of any 
machine when once it has been introduced, and in the case of 
the Blake, hedged in by the exclusive patent privileges, im- 
provement was rendered practically impossible. It, however, 
strikes one at first sight that there is even now room for 
concentration in the Blake. Machines of this class, required 
for the treatment of rough and obdurate materials, controlled 
by labour not at the best of much intelligence, cannot be too 
simple in character. The eccentric action is of the simplest 
kind, and has proved, in the extended use of the Blake, w6ll 
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adapted for the exertion of great pressure usefully applied iu 
an indirect manner. The same principle, stripped of the 
adjuncts of the Blake, is profitably adapted in the Groodman, 
and still further simplified in that of the " improved Good- 
man." 

In Fig. 16 is delineated another improyement of this 
machine, for which a patent was granted to Mr. Qtwdman 
on the Ist September, 1874. It resembles pretty much the 



double machine shown in Fig. 14, inasmuch as the movable 
hammer or jaw strikes alternately an up-and-down blow. 
The difference consists in placing at the top two toggle- 
plates, called by Mr. Goodman in his specification _/uZerum 
levers, for which also could be substituted friction rollers. 
As this arrangement appears to us somewhat risky, we will 
quote so much of the specification as will explain the in- 
ventor's ideas on this point. It is as follows : 

" The extent of the motion of different partfi of the block 
(movable jaw) is controlled by the fulcrum levers, each of 
which abatfi on one of its sides in a cavity prepared for it in 
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the Upper end of the block, and on the other side each lever 
abuts on recesses formed in the two side cheeks of the &ame. 
The fulcrum levers allow the opper end of the block to rise 
and fall freely under the influence of the eccentric, bat the 
lateral motion which they permit to the part of the block 
which is between them is but very slight, but this lateral 
motion, or motion to and &om the fixed crushing faces, 
increasefl in passing downwards towards the bottom of the 
block, and it is greatest at the bottom, where a free escape 
of the material from the crushing cavity is required, and 
where the pieces of stone to be acted upon being of small 
size, a smaller crashing power will suffice. In place of the 
fulcrum levers friction rollers or other equivalent means 
may be applied to guide the upper end of the block, but the 
arrangement shown is preferable." 

In the absence of practical experience in the use of this 
altered machine, the andior cannot speak either confidenUy 
oi with authority, bat refers to it here for the purpose of 
showing that even the Goodman crusher is just entering on 
its career of change and improvement 

It will be observed that this new machine is the only one 
of all those we have referred to which strikes the fixed jaw 
at a difierent angle. Indeed quite reversing the action of the 
other stone-toeakers and crashers. This machine provides 
the necessary means of adjusting the wearing parts of the 
jaw or their needful reparation. 

We will now proceed to the discussion of the apparatus or 
machine used in the chalk districts, known as the Wash-mill. 
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CHAPTER XIL 

THE WABH-UILL. 



This machine, used only in the wet proceee, is so simple in 
character, that any description of it may almost be r^arded 
aa needlees. At Wakefield, where Aspdin initiated the 
system <^ manuiJEioture, and nndertook the conversion of 
materials very different in quality from those snbsequently 
oaed in the chalk districts, he was obL'ged to adopt a 
compound treatment of the limestone and clay — the first 
being preTiously calcined and then mixed with the second. 
By SQch a process, the waah-mill aa now used wonld have 
been in a great meaaoie unnecessary, for the finely reduced 
or slaked lime had already been sufficiently comminuted 
by the chemical operation of the kiln to ensure its most 
intimate and perfect amalgamation with the clay. The 
wash-mill of the chalk cement maker is of the greatest 
importance in his process ctf manufacture, and on its accuracy 
of performance the whole success of die operation depends. 
The object desired in this treatment of the chalk and clay 
is the perfect blending of the two materials. In effecting 
this deeirabte object the agency of water is brou^t to bear, 
and its copious use is indiqwnsable, for the more liquid the 
mixture, the better the chance of the desired amalgamation. 
There are several varieties of this machine, &om the original 
harrow with ita numerous tines, shown in Fig. 17, to the 
more modern beam and knife mill, all of which accomplish 
their task with varying results. In some manufitctories it is 
customary to adopt a double washing operation, and pass the 
materials through a preparatory mill, from which the liquid 
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is passed on to a second, and from thence conveyed in a 
finished state to the depositing backs. Again, in other 
works each material is separately reduced and passed on to 



a third, where the operation of mixing is performed. There 
is donbtless much in favour of the donble treatment if the 
accnrste blending of the proportions can be secnred. The 
whole process of washing is one which admits of much 
variety, and the operation is inSuenced in some measure by 
the character of the materials to be dealt with. 

In Fig. 18 we give an illustration of a wash-mill on the 
beam principle, the necessary knives or cutters being 
arranged in the manner indicated. The trough or washing 
way, as it may be termed, is circular, havii^ a space of 7 feet 
between the outside and the centre pier, in which is fixed a 
sole-plate and socket, receiving the toe of the vertical shaft, 
at the top of which is fixed a bevel wheel driven by a pinion 
from the driving shaft The mill should have a substantial 
foundation of concrete, on which are built the sides and centre 
pier. The framework of timber must be of full dimensions, 
so as to be steady enough to resist the vibratory shock of 
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the mill when in motion. The speed at which it is most 
economical to drive it is about twenty revolutions per 
minate. The exact speed is, however, a matter best deter- 
mined by the men working it, whose experience will of 
course regulate its velocity according to the amount of chalk 
and clay, as well as the supply of water at command, and 
which it can economically deal with. The first object to be 
attained is accuracy of combination of the raw material, and 
none of the washed liquid should be permitted to pass from 



the trough until it has been periectly amalgamated. The 
precautions necessary to secure this indispensable result 
are various, and their detail should be controUed by the 
circumstances of each particular case. The overflow is 
perhaps the best method of permitting the liquid to pass 
from the mill, and at a short distance from the point where 
this takes place a small pit should be so fixed as to receive 
the coarser particles of the chalk and impurities of the 
clay. The wet method involves large back or reservoir space, 
and in consequence the produce from the mill has to traverse 
a considerable distance along shoots or conduits, which require 
constant cleaning, before the liquid reaches its destination. 
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Iq even Uie best regulated mann&ctories the entire avoid- 
aoce of great waste is impossible, and it is the more anfortu- 
nate that this loss ie accompanied by an increase of the 
inaccuracy of result in the backs. The reason is obvious 
when you examine the natnre of the materials and the 
vehicle of their transmission. The chalk and clay if dealt 
with first separately would reeult in a liquid of pretty even 
consistency, but when dealt with together are, except by a 
prolonged process, unevenly mixed as well as of varied 
granular character. The cons^uence is that while on their 
passage to the backs, through their sometimes lengthened 
travel those .particles of highest specific gravity are pre- 
cipitated in the shoots, while the more fluid pass on to the 
reservoir. Supposing the mixture accurate at its exit 
from the wash-mill, the chances are very much against its 
getting to the bachs undisturbed and perFect. The more 
fluid the mixture the less liability to accidents; but this 
involves not only a large extra cost at the mill, but increases 
the period in which the products of the backs are required 
to settle and dry. If the chalk cement makers have an 
advantage in the favourable character of their materials, they 
have, in conjunction with them, difficulties that many regard 
as too trifling, but which, nevertheless, interfere with the 
profit and comfort of their business. There are three ele- 
ments of danger in the wet process, one being the careless 
mixture in the wash-mill ; another, the error in passing 
through the shoots ; and the last, the liability to irregular 
deposit in the backs. These evils are practically una- 
voidable, and a tendency is now being shown to reduce this 
wasteful and dangerous process by adopting the Goreham 
plan of converting the stuff in the following manner. This 
system has been patented by Mr. W. Goreham, and we cannot 
do better than refer shortly to it. 

The chalk and clay are first passed through a wash-milt 
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with aboat one-fourth, or even less, of the water usoally 
applied, and, after as perfect an amalgsmatioD as the circum- 
stances will admit of, are passed on to horizcmtal millstoDes 
(French borrs bedded and jointed in Portland cement). 
The consiBtencj of the slurry at this sti^e is of such a 
character as to permit of its gradual flow, in which state it is 
received by the millstones, A-om whence it is passed on 
direct to the drying plates either by gravitation or otherwise, 
according to Hie arrangement of the works. 

This process at best only accelerates the time of delivery 
at the point of desiccation, and tbns admits of the farther 
and early conversion of die raw materials, dispensing with 
the necessity for an extensive 'system of backs or settling 
reservoirs, an obvions advantage, and one which must not be 
overlooked or too slightingly estimated. It appears to us, 
however, that the wash-mill in this process really after all 
performs the most important duty, and the millstones only 
operate in checking the passage of too large particles of the 
chalk or clay. The time during which the slarry is under the 
influence of this horizontal mill operation must necessarily 
be but limited, and therefore liable to produce a mixture 
somewhat unavoidably faulty in character. In some works, 
such as that referred to in pages 160 and 161, something like 
the reverse of this process was attempted, bat with materials 
differing widely in character from chalk and river clay, and 
resulting, as we have shown, in much loss and annoyance. 
In other works where the dry process is professedly adopted, 
it is customary to introduce, after grinding the materials to a 
fine dry powder, a more than usnal qoantity of water, so 
as to bring the particles or atoms into the closest con- 
tact. This departure from the true principles of the dry 
process either indicates an inefficient grinding process *or 
unusually obdurate materials. There is no doubt that 
a soaking of the materials is advant^eouB, but should 
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only be tolerated in the abeeocei, or rather the deficiency, of 
grindiiig power. Anj length of soaking catmot by possi- 
bility dissdre a crystalliDe limestone atom or one of a 
highly indnrated shale, basalt, or gnuiito, and the attempt to 
supersede the necessity of fine grinding will only result in 
loss and waste in the succeeding processes. 
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CHAPTER Xni. 

KtLUTONBS. 



The cement maker is necesaaril; largely indebted to the 
agency of the grinding machinery, and moat important 
assistance is rendered him by the millstones. 

The simple action by which their osefolaess is made avail- 
able may be likened to tlie &miliar example of the scissors, 
the cutting operation of which is dae to the two blades acting 
against each other. So in the case of the millatonea, the 
fixed or stationaty bed-stones being dressed into farrows, are 
crossed daring their circnlar traverse by those of a corre- 
sponding character in the runner or upper stone. The 
diagram of the "dress" (technical term for arrangement of 
the furrows and their repair and renewal) is not arbitrary, 
but rests in a great measure with the operative millstone 
dresser, guided by his practical experience and knowledge 
of the materials which he has to reduce. 

The stones are of various kinds of distinct mineralogical 
character, and are obtainable from different geoli^cal 
formations, but those most suitable for cement grinding are 
the well-known " French buns "—-commonly and indeed, we 
believe, solely used by the cement makers in England — and 
the celebrated lava deposits at Anderuach, on the Rhine. The 
origin of the term " barr," now perhaps in milling phraseo- 
logy exclusively applied to the stones brought from France, 
had another and more ancient origin. The burr was the rough 
dreas of the stone, and at the time that millstones were ex- 
clusively obtained from the mUUtoae ffrit and other kindred 
formations, those stones which maintained their roughness, or 
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" burr," longest were the faToorite stones, and most generally 
need. In those days, however, it was only corn that was 
ground, and thererore the dnty required of them was com- 
paratively light. The work of cement grinding is a very 
diSerent buBineas, and the selection of the proper stone for 
that purpose is a matter of much importance. The building 
up of cement stones is also a work of considerable accuracy, 
and those makers who give this branch of their business 
special attention, are well rewarded by the good reputation 
they obtain. Such makers personally select the stones at 
the quarry in France, where they are obtained, and thus 
avoid the risk of sending inferior stones to England, the 
freight and land transit of which add so much to their cost. 

These stones are obtained from the tertiary deposits of 
France (Seine-et-Mame), and are of various shades of colour, 
from a bluish white to yellow, and reddish. The first is the 
most suitable for cement stones. They are almost pure 
silica, with a slight amount of calcareous matter, and are 
honeycombed, in appearance being slightly porous; flinty 
in their physiographic aspect, and much resembling a ooa- 
glomerate of flint splinters, with the cavities and spongy de- 
posits common to that mineraL 

The experienced millstone dresser acquire a knowledge of 
the best stones for the work, but even the most carefully 
selected stones exhibit sometimes internal flaws and fractures 
which materially affect their value. It is safer Uierefore to 
put implicit faith in the stone builder, whose best interests 
are identified with the durability of his workmanship; and 
when a faulty stone becomes prematurely nselees, the maker 
readily replaces it for the sake of his reputation. 

The expense of this department of cement making is con- 
siderable, and entails an amount of care and watchfulness 
which if neglected adds materially to the cost of manufacture. 
It is, in fact, a never-ending expense, not only in the wear, but 
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the continoally recnrring dressiBg done by^ experts, wKo are 
of necessity costly in their maintenance. 

Stones are built up in two ways, viz. the barrs are laid on 
their beds in one way and on their edge in the other. 
Fig. 19 shows how they are built. It is unwise for cement 
work to hare any bat those built on edge, and especial card 




should be taken to have eye burrs as large as possible, as 
it is there where the greatest amount of wear and tear 
takes place. These barrs should be of extreme depth and 
have finely dressed joints. Id fact every joint should be 
carefully made, not only at the surface of the stones, but 
through their whole depth. The reason for such accuracy is 
obvions, tor as the stone wears the joints widen and involve 
the necessity of filling them with lead or other metallic 
snbstanca It is customary for some manufacturers to 
inspect the jointing of the burrs before the final building up 
of the stone. This, however, may be regarded as super- 
fiuons where the stone maker himself runs so much risk. It 
is his interest to secure sound work by his personal super- 
vision ; stones are, however, generally built by task work, and 
the keenest vigilance is not always competent to detect 
imperfect and unduly hurried work. 

Backing the stone to increase its weight, and strengthen 
it by hoops and bands, is the finishing operation. The con- 
crete backing is composed of chips of the hurr and Portland 
cement, and it is better that the stone should be finished for 
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at least a month before being used. The stone maker 
gappUea the stone in a perfectly level state, and the 
further preparation of its soriaoe is left to the cement 
maker. 

Of late years much alteration in the dress has been 
occasioned by the introdnction of intermediate machines, 
such as stoDe-breahets, rollers, crackers, and tritoratoni, and 
it will depend pretty mnoh on the condition in which these 
T&rioos machines deliver their produce into the millstone 
hoppers what form of diagram the stones shoald assome. 
Great atteotion is necessarily directed to this stage, for on 
its accuracy the economical action of the stones depend. If 
the clinker is reduced to the size of horse-beans, a small 
amount of swallow (the hollowed space round the eye of the 
runner) will suffice, and therefore a more extended surface 
is left for the skirt (the furrowed remainder of the stone 
extending from the edge of the swallow to the periphery of 
the stones), where really the most profitable part of the 
whole finishing operation is performed. 

It would be impossible te prescribe any role or furnish 
arbitrary diagrams for regulating the furrow dress, where 
the conditions by which it must be regulated are so varied. 
It is enough to say that practice will determine the best 
form of diagram, which should be so regulated as to deliver 
the finished material from ihe stone as fisist as it is produced. 
The speed at which the stones revolve is a necessary element 
to be considered in such a calculation, for if the stone 
delivers too freely the coarae will pass out with the fine, and 
so render the result unsatisfactory. On the other hand, it 
shoald be home in mind that finished dust if retained Id 
the stones tends to retard trituration, or reduction of the 
coarser particles ; its fineness being interposed between the 
rough pieces keeping them from coming into eoonomicsl 
contact with each other, as well as preventing tiieir being 
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acted on by the grindmg Burfaces of the atoaee themselvefl. 
So much has this been regarded at all timea and for &U 
parposes aa a defect in the present scheme of grinding, that 
nnmeroua plans and devices have been ased to separate, by 
blowing or otherwise, the finished from the onfinisbed 
material. All and eveiy such application has, however, 
resulted in more or leas disappointment ; at all events, the 
writer is not avare, in the production of cement at least, 
that fmy profitable arrrangement for snch a purpose has 
been carried oot with gnccesa. 

It mnst be apparent that after every condition of accuracy 
— the original selection of the burrs, their carefiil boilding 
together, followed by the approved drees — has been per- 
formed, that the most important operation of all, that of 
putting them in their true relative position, has yet to be 
considered, as shown by Fig. 20, p. 220. 

As a preliminary to onr description, we will aasome that 
tiie spindle C has been accurately fixed, eo that the lever 
acting on its shoe is capable of instantaueons action so as to 
secure the accorate adjustment of the stones. 

The bed-stone, F, is first fixed truly level on the place 
prepared for it on the frame or hurst, the neck arrange- 
ment for permitting the free rotation of the spindle, and 
carefally packed to prevent the dust from passing through 
on the gearing below, as well as to prevent damage to tiie 
spindle itselfl The greatest care should be bestowed in 
putting the bed-stone exactly level, and seeing that its upper 
or working surface is at right angles to the spindle. The 
hanging of the runner, E, as it is technically termed, is an 
operation of extreme delicacy, and it should be performed so 
that the runner shall rotate exactly parallel to the bed-stone ; 
not in an intermittent or wobbling manner, but oniform and 
exact The thimble <m the top of the spindle is naoally 
made of steel, and reduced as fine as possible, so as to be 
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cousistent with a true reception of tlie indentatioa in the 
cios8-bar, H, of the lanner. Many an accident ia dae to the 
careless performance of this simple operation, and much loss 
is thus occasioBed by the unsteady rotation of the running 



Description of the MiUstonet, Framing, (MuJ Qearing. 

It may perhaps be regarded as superfinous to minutely 
describe a machine whose parts are of so well-known a cha- 
racter, and one that in various modifications has existed for 
man's necessities since the advent of civilization itself. As 
this work is intended, however, to deal with the whole subject 
of cement making in its most comprehensive form, it will 
not, we hope, be considered as a waste of space to offer 
particulars of one of the moat important mechanical aids in 
that manufacture ; for in both stages of the process — first, 
the perfect conversion of the raw materials by the dry pro- 
cess, and the succeeding and final operation of the conversion 
of the products into a fit condition for constractive and other 
purposes — it plays an important part 

In large manu&ctoriea, especially those of old constructicm, 
the system of continuous shafting has been generally adopted, 
and at the proper interval the mitre wheels are placed from 
which the motion is imparted to the pinion fixed on the 
stone spindle. This system of arrangement of the grinding 
machinery involves much outlay in solid and substantial 
foundations and costly framing to withstand the attendant 
vibration when in motion. In very large mills this is some- 
times a serious difficulty, and in more than one instance known 
to the writer, a large part of the machinery in an extensive 
mill had to be disused owing to the danger and incon- 
venience consequent on the vibration caused by the whole of 
it being at work at the same time. When the transferred 
power is direct by gearing &t>m the motive or engine power, 
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this oljection exists in its most aggravated and dangeroas 
form, and should only be tolerated when its necessity continnes 
to exist through old arrangements, or the difficnlty of sahsti- 
tuting the more portable system which we are about te 
describe. 

In either arrangement of the driving pow^, when conveyed 
from the engine, it is of coarse necessary to have main shaft- 
ing to transfer the power by driving belts to the various 
grinding machines : in the one case, by having the shafting 
fixed underneath the floor of the building ; in the other, for 
portable machines, at a convenient height in the mill itself. 
These arrangements are, however, subject to such modifications 
as can only be controlled or regulated by the requirements 
and circumstances of each particular case. 

The frames, whether fixed or portable, are identical in 
their purpose, and the following descriptions of the stones 
and their gearing are equally applicable to both systems. 

For convenience of illnstratioD, we will refer to the wood- 
cut of a portable hurst or frame, Fig, 20. 

The horizontal shaft fixed in pedestals on the base of the 
framing receives its actuating force by a belt on the &st 
pulley, and can be transferred or thrown out by shifting the 
belt on to the loose pulley adjoining. The motion to the 
spindle, C, is conveyed by the mitre wheel shown in section, 
the bottom of which rests in a step-piece placed on a bridge 
through which runs the horizontal shaft, and connects the 
lever arrangement that regulates the rising and lowering of 
the stones, E E. This arrangement is of the utmost import- 
ance, as through its agency the regulation of the grinding 
and its quality are assured. F is the bed-stone, B the casing, 
A the hopper in which the materials to be ground are placed. 

It is necessary, as must be obvioos, that the spindle during 
its rotation in the bed-stone, F F, should be so adjusted as to 
prevent the passt^ through of any dust, however fina The 
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arrangeinent for the efTectnal accomplislimeDt of this desi- 
deratnin is thus : — In the centre of the bed-stone is placed a 
cast-iron bosh or box which provides for the introdnction 
of packing composed of various substances, that efTectoally 
prevents any of the dust &om passing through, and at the 
same time secures a minimum amount of friction on the 



spindle. On the remaining portion of the spindle is accu- 
rately fixed a castriron cross-head, on which is hung the 
cross-bar of the runner. 

On the top of the cross-head, where the two pins shown on 
Fig. 20 are placed, the damsel, or apparatus for beatang and 
regulating the supply to the stone, is fixed, and plays between 
the shoe or shoot which is placed under the hopper, A. The 
adjustment of this simple part of the machine is secured by 
a piece of steel which acts as a spring, and its pressure may 
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be increased or diminiahed according to the capacity of the 
millBtone to receive the contents of the hopper, oi, in other 
words, to feed them with regnlaritj and not overload them, 
which leads to congestion, stoppage, and, when carelessly 
arranged, breakage. The nine point to be considered here 
is that the stones shall receive just as much, and no more, 
than they are competent to reduce. When freshly dressed, 
the amoQUt of work is greater than when worn and smooth, 
for the farrows are then more or less worn down, when 
their grinding capaci^ is sensibly rddnced. 

From the above description it will be seen that the mnner 
rests on the centre of the spindle at its point c^ contact with 
the cross-bead fixed over the throat or swallow of the stone, 
so that practically the brass shoe or socket receiving the 
bottom of the spindle supported by the lever sustains the 
whole of its weight. This, then, should be regarded as that 
part of the machine requiring the greatest nicety of adjust- 
ment and att«ntiou, as by its means the accurate rotation of 
the ranner or upper stone is secured. 

All the salient points in the economy of this machinery 
most of course be famOiar to the experienced mechanic 
and millwright, but it is also important that those having 
the control of its working should understand its leading 
features and characteristics, so that when accidents or 
disorder arise they may be competent, if not to repair, at 
least to direct the necessary rectification. At all events, 
a sensible knowledge of even the minutest detail will not 
lessen, but, on the contrary, increase the efficiency of a 
director or mant^r of cement works. It is the ignorance of 
the employer or manager that leads to the dogmatic and 
sometimes overbearing conduct of the skilled workman, 
who too ireqnently acquires his knowledge trom purely 
practical sources, witbont any theoretical or scientific basis 
whatever. 
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Before leaving this part of our rabject^ we would shortly 
refer to the demrahility, in small, or indeed in any, manu- 
factories of adopting the portable or distributive system of 
arraugement of the machinery. When large and powerful 
engines are employed, the distribution of the power to the 
various pointfl involves a great loss in fnctton, and also 
leads to mnch difSculty when a break-down of the engine, or 
repairs or replacement of boiler, causes a stoppage of the 
entire machinery. 

Cement making is peculiarly well adapted for the adoption 
of the divisional system, from the unavoidable disjointed 
character of its operations, and such an arrangement may be 
applied with advant^e, more especially when the necessities 
of the dry mode of mann&ctnre involve the duplication of 
like machines, ao that if 50 H.P. was required its division 
into two 25 H.P, would afford a more economical arrange- 
ment, beeidea the advantage of being able to work one set of 
machines only when necessary. 

It might be as well to allnde here to the tools used for 
dressing the millstones. They are simple in character, made 
of the best cast steel, and consist of two hinds, bills or picks, 
and pritchells or chisels. They vary in weight according to 
the character of the work in which they are to be used. The 
bills are fixed in the thrift or handle, and the pritchells 
are worked with a hammer. 

The exact velocity at which the stones should revolve is a 
matter which depends in a great measure on their size ; the 
speed beng regulated by the diameter of the stones : the 
smaller ones requiring to be driven quicker than the lai^^ 
ones, about 25 feet per second being regarded among prac- 
tical men as a fair average, and economical as well as safe 
velocity. 

There have been many attempts made to contrive a 
machine capable of grinding com and minerals as fine as the 
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produce from the horizontal millstones of which we have 
endeavoDred to give an intelligible description : conical mills 
of a variety of designs, corrugated steel discs nmning hori- 
zontally, and numerous other devices, resulting generally 
in much dissatiBfaction to those induced to speculate on 
their untried merits. In Portland cement making the neces- 
sity of extreme fineness practically prescribes the use 
of the French burr stones, which by continual dressing 
are competent to produce the desired and, indeed, almost 
if not quite, indispensable results. The unavoidable wear 
and tear and attendant cost of the maintenanc* through 
manual labour of a rough burr or dress in the stones renders 
this department of the mannfocture one of considerable 
cost. When sieves are used and tolerated in a manu- 
factory, it is not so necessary to aim at extreme fineness 
of powder from the millstoneB, but we do not regard this 
arrangement as at all desirable, and prefer to accomplish 
the beet duty &om the grinding machine of which it is 
capabla 

Hitherto our ideas have been restricted to the action of 
the stones doing duty in the old and original horizontal 
position,and generally, as a rule, expected and indeed believed 
the best economy was derived from being . able to load the 
nmning stone with a considerable additional backing or 
weight. In the accompanying woodcut. Fig. 21, is what is 
called s " scientific grinding mill " by its makers, Messrs. 
A. W. Straub and Co., of Philadelphia, United States of 
America, capable of dcnng increased duty, and which, in an 
experience of some years, has superseded the horizontal 
millstones for all those purposes to which the burr stone can 
be applied. There is no pretension in the claims of the 
makers to supersede the use of burrs, but merely in the new 
mode of their application to drive them vertically instead of 
horizontally. 
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The deecriptioD of the mill is as followa : 

The Bed-flate, sapportiug both journal and bed-stone, is cast 
in one piece, like tiiat of a Bteam engine, to keep all the parts 
in perfect line. It has the stone-case in the middle with 



large dirt spaces at each eod, allowing all dirt escaping from 
the stone-case to fall on the floor withoat passing into the 
journal boxes. The space around the stones is 2^ inches, 
and the discharge from the bottom, bo as to prevent clogging. 

The Bed-stojie is fast in as iron ring, bolted against the 
end of the stone-case, forming a dust-tight joint ; it is framed 
to the runner with three set screws. 

The Journal Boxes are 7 inches long, have caps to take up 
all wear which may^ occur. They are lined with Babbit metal 
to make them durable. 

The Spindle has the turning stone cast fast to it with zinc ; 
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tbe screw conveyer, eocentric, and pnlley are also fast to 
the spindle. 

The Temper Screw, at one end of the bed-plate, reels againet 
the spindle. 

Tbe Pulley bas a hub npon one side, tbe jonmal bca 
passes balf-way throngh on the other side, to remove the 
strain of the belt from the spindle ; this allows tbe belt 
to approach from any angle, and be removed without un- 
screwing. 

The Legs raise the mill from tbe floor, allowing it to dis- 
cbai^e from the bottom, and saving the expense of a 
foundation. 

The Sood rests np(m the bed-plate, with a heavy twine 
packing laid between them, a large square feed-tmnk at its 
end extending downward& 

Tbe Feed Shoe is damsselled in front by tbe ecoeDtric on the 
spindle. The Hopper bas a valve in the bottom to control 
ito discbai^e. 

These mills are made with burr stones from 12 to 30 
inches iivdiameter, and are driven at speeds of from 200 to 
800 revolutions per minute, the power required being from 
6 to 30 horse-power. Of coorse power and velocities are 
rognlated by the kind and quality of work to be done. 

The price of the machine is not a high one, and if it can 
do ihe work claimed for it, there is a possibility of adding 
anodier auxiliary to the cement maker's appliances. In 
very extenBive works, probably a light machine of this 
oharaoter would be found unsuitable where a lat^ number 
of stones was required, and where it would be necessary 
to arrange a complete system of shafting and its attendant 
expensive gearing. In small and especially experimental 
works, a grinding machine of this character would doubtless 
prove a great advantaga The small space which it occupies 
and its portable character are great recommendations. 
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The mode adopted for dressing the stones when required 
is the following : 

Bemove the hood, journal caps, pulley, and two bolts 
which secure the bed-etone to the end of the stone case, raise 
both stones above the stone case (with a crane and screw), 
place two boards across the bed-plate, lay the stones on these 
boards face up. 

With a sharp mill-pick dress the face of the stones in fine 
lines, crack them rough and deep. The farrows should be 
cracked and kept half an inch deep at the eye, and shallow 
op to one thirty-second at the skirts to prevent the stones 
throwing grit The sharp feather edge should be shouldered 
down one thirty-second of an inch. In this mill an extra 
pair of stones may be at hand so as to put them into their 
frame, and thus save time while the blunt or worn pair are 
being dressed or sharpened. 

It is thus necessary to describe this grinding machine and 
the mode of dressing it, for the high speed at which the 
stones rotate involves a special arrangement of the furrows 
as well as the form and shape of the eye. In such a 
machine it would be necessary to feed with small pieces not 
larger than peas, and we imagine (from our imperfect and 
slight knowledge of this novel grinder, we are unable to 
speak authoritatively) when so supplied much efiective work 
might be realized. 

In some of the conical mills to which we have allnded 
burr stones were in several of the modifications used, but 
the difficulty attending their dressing and the smallness of 
the grinding surfaces prevented those mills from obtaining 
any permanent or useful position. 

In America end other profitable gold-producing countries 
it is a matter of primary importance to be able to extract 
economically the precious metal &om its matrix. In the 
localities where the auriferous rocks prevail, labour is 
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nsnally costly, and therefore the greater necessity for 
machinery competent to assist in the extraction of the metal 
&om its native rock. Some years ^;o a machine was 
patented by a Boston (United States of America) Company, 
of the following description. 

It consisted of a massive revolving table, 3 feet 6 inches 
in diameter, travelling at a speed of upwards of a thousand 
revolutions per minute. It was furnished near its outward 
circumference with cutting or splintering blocks made of 
specially hardened met^. On the entrance of the material 
to be reduced it is driven from one side to the other, and 
receives a series of frequently recurring blows from the 
revolving blocks, and when reduced sufficiently passes ont at 
apertures in the side of the tub or casing. This machine is 
costly in character, and was represented as competent to reduce 
gold quartz to the size of coarse gravel at the rate of 200 tons 
in twenty-four hours. The size or quality of the products 
from this machine was capable of regulation by the form and 
extent of the perforations at the circumference of the casing. 
The machine was a complicated one, and if metal could have 
been procured durable enough to withstand the shock and 
concussion of a so violently propelled mass of metal, its 
success might have been secured. The result, however, of 
all this ingenuity was that the machine, while reducing 
minerals, could not prevent its own degradation, which 
became so great as practically to render it useless. 

The " Carr's Disint^rator," in use for reducing minerals of 
various kinds, and even grain, obtains its value from the 
violence of the action produced by bars revolving in opposite 
directions, against and between which the materials onder 
treatment are forced, coming also into contact with each 
other, the high speed of this machine,- as well as the 
American one, producing draught or ventilation, thus 
expelling the finely comminuted particles as they become 
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small enongh to pass out. This does of machine is not, 
bowever, reliable enough for cemeDt-making purposes, and 
the high apeed at which they must of necessity be driven 
incurs liability to accidents accompanied by excessive wear 
and tear. 

What the cement maker requires is a machine competent 
to perform in a united shape the work of a " breaker," 
" crasher," and " grinder," and the author feels assnied that 
a machine of this kind will be forthcoming through some 
snch agency as Sholl's direct-acting pneumatic stamper, 
which appears to possess the necessary arrangements for a 
steady reliable blow eiUier by impact or percussion. It is 
low-speed machines that are wanted, and not those which aia 
violently driven and nncontrollable. 
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B&OSS OB BESERTOIBS. 

TmB arrangement for receiving the produce of the wash-milla 
is peculiar to the wet system, and their proper arrangement 
has a marked inflnence on the economy of the chalk and clay 
process. In the early mami&ctories they were generally 
placed on a level with the surface on which the works stood, 
and their contents when in s fit condition wheeled on to the 
drying ovens or plates. Id the most economically arranged 
factory the wash-mill is so placed that it shall be convenient 
for the reception of the raw materials, and at the same time 
at SQch an elevation as will permit of the flow of the washed 
products by gravitation to the backs, a main shoot or 
leading conduit traversing the whcde length or circuit of 
the backs, all of which are filled from it by the agency of 
subsidiary channels of minor capacity; the drying oven^ 
when most conveniently placed, being near the kilns, and, 
when possible, adjoining them, so that the produce from the 
plates when dry can be in a direct manner at once hoisted 
into the kiln. The backs under such an arrangement must 
necessarily command the means of easy drainage, not only 
for the overflow of water in the ordinary process of decanta- 
tion, but in addition should be so constructed as to permit of 
this being done readily in any and every direction. The 
strength and form of walls wilt in a great measure depend 
on the depth and capacity of the backs as well as their 
position. Concrete walls are the most economical, but as a 
weU and substantially built wall of this kind is less porons, 
or rather possesses less capacity of absorption than bricks. 
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conrenient spaces at freqaent interrala stioald be prorided 
where drainage of the water could be encouraged. The 
fonndatioae or bottoioa of the backs should be rendered to 
porous aa possible, for if it is completely water-tight and 
impervious to moisture, the water of the slurry can only 
escape by the pressure or squeezing of the moistare, a'slow 
and dilatory process even under the most favourable circum- 
stances. The size of the backs can only be determined by 
the extent of the mssufactory, and it is advisable, unless 
where circnmstances render it impossible, to make them of 
a medium size, for it must be remembered that their filling 
is necessarily a slow and tedious process, and even nnder the 
most favourable condition of the weather involves a long 
interval before the contenta are ready for the drying plates. 
As by the washing proeees there is no farther preparation 
of the washed slurry — such as is the case in the dry process 
where the powdered mixture is rendered plastic enough to 
admit of being moulded into bricks — the best results are 
those which admit of the driest material being placed on 
the plates, and thus avoiding the necessity of evaporating 
a large amoimt of moisture. In well-regulated and economi- 
cally arranged works the back-room should be so balanced 
as to secure the most favourable condition of the slurry at 
all times during every season of the year. You may commit 
the error of having the produce from the backs too thin, bat 
you never can be blamed for its being too dry. The weak 
point of the wet system of manufacture is undoubtedly in this 
department, and when it is unduly pushed the profits must 
diminish, and indeed total disorganization ensue. Washing 
the materials is an operation which under no circumstances 
admits of careless treatment; burning the kilns cannot be 
prejudicially harried ; grinding the cement must be accurately 
performed ; but the conduct and controlment of the backs are 
subject to the most eccentric treatment, and when completed 
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the loss incurted is beyond recall and retrenchment. The 
existence of the backs furnishes the best ai^ument against the 
wet system, and the fact that the London makers are turning 
their attention to their snperceseion by other means less 
costly, goes far to prove that they are wrong in principle and 
extravagant in maintenance. As chalk contains a large per- 
centage of broken and almost invisible iragments of shells, 
on which the best inflnence of the washing apparatus has but 
httle inflnence, it is required that the means for preventing 
its passage into the backs shonld be as perfect as possible. 
Perhaps the best plan for trapping, as it were, this useless and 
indeed dangerous material is to provide a small catch recep- 
tacle at each back, into which it would gravitate and be inter- 
cepted. The sand, which in sOme deposits of chalk is very 
considerable as well as that from the clay, must also be 
caught through the same or similar ^ency. In some ehalk 
and day cement works conducted under the wet or washing 
system, as much as ten per cent, of this waste arises. In the 
dry process it would be inappreciable, or pushed to such a 
degree of fineness by the more perfect grinding process, as 
to reduce its injurious influence to a minimum. 

In connecti(m with the subject of backs, and one intimately 
identified with their economy and usefulness, is the important 
question of the density of the washed material. It is of so 
much consequence that the calculation of the size and form 
of the backs should have direct reference to their capacity or 
power of rendering the contents as compact as possible. The 
deeper a back is the more efficient will its power of compres- 
sicm of the materials be, and it is preferable where space and 
time are c(mtrollabIe to insist that the backs shonld be 
deep rather than shallow. An examination of a piece of 
dried material as it passes from the drying plates to the 
kiln will exhibit an amount of porosity almost intsedible. 
These interstitial voids are the spaces or points occupied by 
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water, which od the application of the drying heat becomee 
converted into stoam, causing the cavities of an irregular 
character to interpose between the particles and prevent 
their tree and economical action in the kiln. This is the 
reason why air-dried slurry is better than that which is 
heat-drjed, because by the former process the particles are 
more intimately connected, and the dried mass much denser 
in character. When we discoss the brick pressing and 
forming machines, this advantage will be more apparent, 
and we will endeavour to show that Uie more compact and 
dense the raw material can be passed into the kiln, the 
greater will be the advantage derivable from the heat to 
which it is suhjectod. 

Mnch has been said about testing the contents of tlie 
backs, and specially designed apparatus have been devised 
for that purpose. This practice, however, even when con- 
ducted under the most favourable circumstances, can only 
be deceptive in character. When too mnch reliance is 
placed on this mode of rectification, the more important points 
of challenge are neglected. The most perfect and reliable 
method of admixture of the chalk and clay would be by 
dealing with them in separate wash-mills, and maintaining 
a uniform qnality and density of liquid, so that both Quids 
could be volumetrically gauged at their entrance into the 
final mixing milL 

For 80 far our observations have been made with refet^ 
ence to backs and their being charged or filled by the simple 
and inexpensive gravitation method from the wash-mill. 
The economy and arrangement of some manufactories neces- 
sitates the elevation of the prodncte from the wash-mill by 
force-pnmps to a level high enough to permit of their 
contents being wheeled on to plates heated by the waste 
gases &om the kilns. In the first-designed arrangement of 
this kind considerable expense was incurred in the erection 
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of brick arches to receive the drying plates, hat the arches 
themselTes served as QBefal receptacles for the storage of 
coke and other purposes. By Johnson's process the washed 
material is still elevated, hut into high cytmdrical reserroirs 
of moderate capacity, irom which it flows, after sufficient 
decantatioD of the water, on to the drying plates or chanoel 
heated hy the waste gases &om the kiln. 

In the dry process no great amonnt of storage for the 
powdered raw materials is required, and in well-arranged 
works two, or at most three, hours' supply only is needed, 
unless where it is necessary to soak the raw materials ; in 
SQch cases twenty-four hours' stock wilt be ample. In the 
description of the process adopted in the manufacture of 
Portland cement from the blue lias materials at page 171 
we say that the powder is passed down from the dnst-room 
to double screws, by which the requisite amount of moisture 
is evenly and regularly applied on its passage to the pug- 
mill of the hrick-forming machine. The blue lias materials 
are, comparatively speaking, soft and smooth in texture, so 
that this process is enough, but in other more orystalliue 
minerals such treatment might not prove sufficient A 
remedy will, however, be found for a partial if not entire 
mitigation of this difficulty by using the machine for pressing 
bricks described at page 266, and we hope to see it or 
some modificatioD of its principle snperseding the ordinary 
types of brick-forming machines. 
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CHAPTER XV. 

DBYma OVENS. 

Tbe continually changing character aod improTement in the 
manufacture of cement muBt eventoally result in the aban- 
donmeut of thia arrangement for drying purpoaea. As, 
however, amall and experimental works may be so circum- 
stanced as to prevent the possibility of adopting the new 
pleui, we consider it necessary to allude shortly to the drying 
plates as the means of obtaining the proper heat for the 
desiccation of the raw materials. 

The conditions which regulate the erecticm of these build- 
inge are in a great measore dependent on the locality 
of the works, and their relationship to the fuel supply. 
When a good and unfailing quantity of cheap coke (of the 
required kind) can be commanded, the drying plates need 
not be of a substantial or costly character, but may consist 
simply of a series of covered flues heated by any waste 
or exhaust steam, or the cheapest coal or breeze capable of 
imparting the required heat. It is advisable that they should 
be, in any case, built four or five feet above the level of the 
ground, upon a good bed of concrete, so as to prevent the 
absorption of moisture, which would pr^udicially interfere 
with the action of the flues and their profitable working. 
The first cost of snch drying plates is moderate^ and, when 
carefully regulated, easily kept in working order. Their 
extent will entirely depend on the capacity of the works ; 
bat, at least, they should be competent to receive all the 
slurry from the backs, and be able to supply the daily re- 
quirements of the kilns. 
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Another condition is when proviBion baa to be made for 
making all the coke reqaired for baming the cement. In 
each a case there mast be sabatantially bailt ovene capable of 
coking as mach coal, in the twenty-fonr honrs, as will supply 
the kilns with the proper amount of coke. Twenty-foai hoars' 
coke, if made from a suitable coal, is strong enough for cement- 
baming purposes. Althoagh the primary object is the attain- 
m^it of coke, care must be taken that the ovens are pei^ 
forming this important duty so that the heat evolved during 
the operation shall be economically utilized and applied to 
drying the slurry. The ovens should be constructed of a size 
to coke from 20 to 30 cwt of coal in the twenty-four hours, 
and be so connected with a shaft that, by dampers or similar 
arrangements, the proper dranght can be maintained at all 
stages of the process. There ^are, of coarse, great varieties 
of coal, many of them nnsnited for coking, except under mtst 
expensive conditions, and it will be advisable, therefore, to 
obtain a coal bituminoos enough to produce coke. The coal 
should be decided on before preparing the plans of the ovens, 
for on its quality will much depend their size and form. 
Unless in London, or the coast, or other similarly favoured 
locality, where Newcastle coal can be cheaply obtained, whose 
conversion into coke is easy and simple, no great difBculty 
sorrounds this operation. There are very few coal-fields 
indeed in this country from which the obtainment of a coking 
coal is impossible, but the qualities of even the best are so 
variable that every care must be taken that the form and 
capacity of the ovens should be such as meet the peculiarities 
of their varied chemical and mineralogical character. An 
oven arranged for the coking of a first-class quality of 
Durham, Wigan, or other equally good Lancashire coals, 
would fail to produce the same economical results from a 
Derbyshire, Leicestershire, or Warwickshire coaL There is 
<me important consideration which should not be lost sight of 
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IB the Belection of a coal Crom wliich coke is to be produced 
for bamiag Portland cement, and that is its freedom from 
ashes. If this is neglected, and a spong;, ashy coke pro- 
duced, it will in a most prejudicial way influence the quality 
of the cement. The more tree, therefore, the coal is from 
objectionable mineial ingredieDts, the better will he the coke. 

The primary object of coking coal is to obtein a concen- 
trated fuel of intense heating power, and, for foundry and 
other smelting purposes, it is essential that the process should 
be sufficiently prolonged to purge the coal of its impurities 
and realize the densest and brightest cryetalline coke. To 
produce coke of this character, specially constmcted OTens 
are required, and the heat evolved in the process is thrown 
oGF in waste. The utmost value of beat resulting &om coking 
is, however, obtained with the least waste of the coal from 
the gradual character of the process performed. 

The waste, or perhaps, more properly speaking, the dis- 
charged gases from the coal, is on the average, under favour- 
able conditions, from 40 to 50 per cent of its weight, and for 
cement-making purposes we may take the former amount, as 
the ptoceaa is not so prolonged in that case. However, the 
heat evolved cannot be regarded as lost, for it is utilized in 
heating the drying plates which receive the slurry from the 
backs. In the ordinary coke ovens used in cement works it 
is hardly possible, in the restricted time aUotted for coke 
production, to fully purify the product from the coal, and it 
is therefore best to avoid the use of those qaalities with 
a large percentage of iron pyrites. The injurious influence 
of sulphur in the composition of a Portland cement is well 
known, and in some of the raw materials it exists in snfficimt 
quantities without adding to tbe danger by permitting an 
excess of it in die fuel of the kiln. S<mie of the strongest 
and hottest of the Derbyshire coking coals are so impregnated 
with iron pyrites that the author has had to direct their dis- 
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use ia some cases, although the coke prodaced &om them 
was hard and free &om aahee. From what we have said it 
is apparent that the cheapest coal is not the most economical 
for conversion into coke for cement burning ; neither, in the 
end, will it be found the most useful for warming the plates 
for drying purposes. 

In those factories that are dependent on the kiln fnel 
from the ovens, it will be advisable to arrange their position 
most ctmvenient for the receipt of the coal and close to the 
kilns. It will generally be found that their most economical 
site is between the backs and the kilns, and their extent 
should be regulated by the necessities of the works. The 
best form of oven is about 10 feet long, 5 feet wide, and 
4 feet high, having the arch of a well'balanoed segment 
of a circle, neither too high nor too flat. When built in 
groups of six, they are convenient and economical. Care 
should be taken that the foundations are well protected 
from ground moisture, and either a thick bed of concrete or 
hollow arches should be constructed underneath them. They 
should be lined with ordinary fire-bricks at the sides and 
ends, but the arch must be turned in the best fire-bricks. 
The arch should be perforated with 2i^iQch holes to allow 
some of the heat to escape into smalt fines on the top of the 
arch and thxougb its spandrils. On these flues are placed the 
beet fire-tiles, and for at least 10 feet beyond the ovens, as it 
is here that the most intense heat occurs on its first entering 
the fines. The remainder of the flues may be covered with 
cast-iron tiles half an inch thick. The length of the plates 
are of course much dependent on the duty required of them, 
but generally speaking they wiU be found most economical 
and usefnl when about 50 or 60 feet, excladiug the ovena 
The best arrangement for the flues is to convey tbe waste 
heat from the ovens into a main cross-flue parallel to their 
ends, connecting it with the various longitudinal flues, which 
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again ahonid discharge into another large crosB-flue numiDg 
into the cMmDey. At the junction of Uiis main flue with ■ 
the chimney, the damper hj which the draught is regulated 
IB fixed. The process of coking fuel requires the exercise of 
a certain amount of intelligence, so that when the oven is 
first lighted the draught should be carefully regulated, and 
DO more tax admitted than is wanted to ensure the proper 
ignition of the mass. So soon as the body of coal is fairly 
alight^ the access of air should be completely excluded, and 
the damper at the chimney regulated to the required point 
ta the flues it is advisable to place, at certain intervals, soot 
traps with easily moved covers, so that they may be emptied 
at the proper intervals of time, and thus ensure the main- 
tenance of the proper fine spaces. 

The duty to be performed by the drying plates and ovens 
is of such a character as to cause destructive wear and tear ; 
and they form in those works, where used, one of the largest 
items of structural reparation. The high temperature of the 
contents of the ovens, and their lowering when being emptied 
or filled, produces such expansion and contraction of the 
materials of which they are constructed, as to necessitate 
Sequent repair and renewal. The plates again receive the 
slurry in a cold and wet state, inducing thereby the sudden 
change of temperature, and consequent destruction of the 
coverings. 

We perhaps may be considered as over careful io men- 
tioning that to work ovens of this character with efSciency 
there must be almost practically air-tight covering to the 
flues. When covered with the slurry they will be effectually 
so; but care should be taken that when dear they are free 
from holes whereby air could be drawn in and prejudicially 
aflect the workiDg of the ovens, and interfere vrith the 
economy of the flues. 



3dbvGoOg[e 



CHAPTER XVI. 

EILirS AND MODE OF BTtBNUTa. 

Is the progress which has been made in the manaractnre of 
Portland cement during the last ten years bat little effort 
has been exerted in the direction of the kiln. The original 
pattern first introduced by Agpdin still prevails in all its 
variety of form and modifications, yet it is carious that none 
of those imitations reach the excellence of the one at the 
parent cement mann&ctory at Wakefield. The chimney or 
dome of that kiln is of unnsnal height, and mncb resembles 
a glass famace in appearance. This extreme height, while 
afibrding excellent facilities for burning the cement, meets 
also a difficulty in reference to the nuisance created by the 
discharged gases dnrmg the process of calcination. Since the 
establishment of these vorks, the osnal result of increasing 
popolation has encroached on them, and indeed must 
eventually surround the factory, with the nnavoidablo con- 
sequence of complaints about smoke, &c. There can, 
therefore, be no extension of the manufactory, and it is just 
possible that sooner or later it will have to be removed 
altogether. This difiSculty has also reached other works, 
and manufacturers should direct their attention to the 
eonstroction of those kilns that will, if not entirely dispose 
of, at least mitigate the evil, and thereby render it less 
objectionable. 

The accompanying sketch in Fig. 22 is an average sample 
of the ordinary type of Portland cement kiln, and it is sur- 
prising that no active measures have been taken to supersede 
this form for one based on a more scientific model It is 
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true that TariooB modifications or improvementB on this plan 
of kiln have from tJme to time been made, bat they do not 
aim at any alteration in its form, bat rather attempt to 



ntiLize the waste heat, and so partially abate the onisance of 
the resalting gases. The earliest application of this kind 
was at Northfleet, where the kilns were closed after ignition , 
and the heat and gases evolved during bamiDg were con- 
Teyed by a series of flues for the purpose of heating the 
drying floors, on which the slurry or dried raw material waa 
pUced on its being taken from the backs or reservoirs. 
This arrangement was regarded as succeesfal, and at least 
saved the cost of separate drying floors heated by flues , 
but we do not regard it as at all economical or advantageous, 
as it interferes with the profitable and rapid exit of the 
carbonic and other gases, resulting in a variable quality of 
cement obtained at an increased cost of fuel. Indeed, this 
plan is only tolerable in a large factory where the contents 
of an inferior or irregularly burnt kiln can be blended with 
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more acouiately made cement, and its dAngeis and im- 
perfectiona are tiua mitigated, if not extingniahed. 

lo Germany for many years the Hoffman type of ring 
or annular kiln has been need with moch advantage, and 
perhaps would have received more extensive development 
bnt for the constant litigation attending its use, and the 
legal oonBicts arising from attempts to evade the patent 
rights. Hofiman's patent in England haa happily ran its 
length, and the free nse of the invention is no longer inter- 
fered with. We have had many of the so^^ed Hoffioian's 
kilns built in this country for burning bricks and lime^ 
resulting in much advantage not only in the quality of the 
mapqfiwtored article but in tlie cost of fuel required for its 
productioiL There has been much prqodice against this 
admirable form of kiln, and for lime-boming purposee groat 
loss and anxiety have arisen throogh ignorant treatment and 
interested opposition, principally from the workmen. The 
extinguishment of the enth railing patent and its attendant 
impediments has cleared the way for free and healthy action 
in the direction of the ring kiln, and we may look forward 
to an early oatborst of improvemfflits in more reasonable and 
lees expensive adoptions of its princuple. It is somewhat 
fn'ngnUr that no Hoffinan's kiln was used in tliis cotutry for 
the purpose of cement making during the existence of the 
English patent, bat now, and only very recently, one at least 
has been erected at ^ oldest works on the Thames. If a 
Hoffman's kiln was useful anywhere, it was essentially bo in 
this country, where the fuel of any quality was eadly 
obtained, and the quantity of cement made was auffidently 
large to warrant a trial at all events of its doubtlessly valu- 
able qualities. It is just possible, however, Uiat some 
reluctance was felt in abandoning a system of kili^B in 
which could be used the gas coke c^ London at a cost that 
under certain circumstances could not be redoced by any 
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other mode of bunung. Probably the cost of gas coke 
in the most favourable and cheapest times conld not be 
bettered by even a Hoffman kiln in the simple direction of 
fuel cost ton for ton ; bat barning is not &e only advantage 
offered by the ring kiln. In saving of labour there is much 
aoperiority over the old kiln, and the convenience of having 
the operations of your works performed at a nniform level is 
not the least of the advantages obtained through its agency. 
The certainty also of being able to utilize the waste heat as 
it radiates from tho incandescent mass ia the preparation of 
the adjoining compartment for the first stage of calcination 
is a great advantage. 

Probably the best way to iltnstrate this important sut^ect 
is first to consider the necessary conditions requiring accurate 
fulfilment in burning Portland cement. The preliminary 
proceaa of selection of the raw miiterials and their perfect 
amalgamation mnst be regarded as a tine qua mm, otherwise 
it is needless entering into farther processes of any kind, for 
the boming or grinding cannot cure the evils of imperfect 
proportions or admiztore. 

The required heat, through whatever agency it may bo 
applied, is for the poipose of uniting in profitable com- 
bination the mixed raw materials, and thus forming an 
hydraulic or Portland cement. 

The stages of this operation may be regarded as threefold, 
and are: 

First — The expulsion of the water remaining in the 

bricks or dried slurry. 
Second. — The separation of the carbonic acid gas con- 
tained in the carbonate of lime proportion of the 
mixture. 
Third, and moet important operation. — ^The combination 
by fusing or clinkering of the limo with the silica, 
alumina, protoxide of iron, and alkalies resulting in 
the desired product, 
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To perform this threefold process accurately it ia necessary 
that each of these canons of manufactore shonld be regarded 
as separate and distinct, taking its place in due order, 
Thns, nntil the expulsion of the latent moisture, fire cannot 
profitably if at all expel the carbonic acid, and the increased 
heat for the clinkering shonld follow and not precede the 
decarbonating operation. The reactions take place at 
different temperatares, and provision shonld be made for a 
gradual raisiog of the heat in the order above referred to. 
It is most important, however, that the last and finishing 
stage in the application of heat for the cUnkering shonld be 
capable of accurate adjustment. As the temperature required 
for this purpose is a high one (white heat), and converts the 
mass into a molten condition, care must be tak^i that it 
should neither last too long, nor be excessive in character, 
otherwise the product realized would be a glassy mass, 
incapable of being used for hydraulic purposes. In addition 
to this waste, the lining of the kiln would become fused and 
amalgamate with its contents, so that the act of drawing or 
emptying a kiln so improperly burned would entail great 
loss for structural repairs. 

To fulfil the necessary requirements for the due and 
profitable performance of these unalterable rules, it would 
be requisite to have a kiln so arranged as to secure the 
various temperatures and their controlment Let us examine, 
in iurtherance of the elucidation of our subject, the general 
type of dome kilns (Fig. 22), and how far it is capable 
of fulfilling these conditions. 

The treatment and use of dome kilns may be regarded 
as purely empirical in character, and therefore subject to 
the irregularities and vicissitudes incidental to an unguided 
system. 

The operation and the conditions surrounding its per- 
formance are as follows : 

A cooled and empty kiln is thns treated : — ^The bars are 
b2 
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duly placed Id poeition, and on them are laid the &got.^ 
or fael of ignition, followed by a layer of coal or coke, 
Bncceeded alternately by dried bricka or material in the 
recognized order and quantities. There is no q>ecified 
standard of weights or meaaure, at least not any of a tmsfr- 
worthy or exact character ; for the condition of the fuel and 
mateiiala renders snch exactneea impossible. The whole 
matter, therefore, is left to the experience of the bomer and 
his assistants. The kiln is lighted, and the gases and pro- 
ducts of combustion permeate into and through the saperin- 
cumbent mass of coke and raw cement material, grodoally 
expelling the moisture and rendering the contents of the 
kiln warm. Then the ooke becomes ignited, and the walls 
of the kiln get hot This, the first stag^ can be obserred 
by an experienced eye when the vapour has been expelled 
and all organic matter changed in character. The com- 
pletion of the second stage arises when all the materials of 
combustion have become profitably heated, and the carbonic 
acid drawn off, which ip about the temperature of a bright 
red-heat. The quantity of carbonic acid thus requiring ex- 
pulsion is something enormous, so much so that for every 
ten tons of raw Portland cement, four tons at least of this 
acid were set free. So that when yon estimate the weight of 
coke, or other fuel, and raw material pat into a dome, or any 
other kind of Mln, and compare it with the cement produced, 
you can form a fidr idea of the amount of power absorbed in 
its handling. Heat can only be r^;arded from a scientifio 
point of view as so much power. Another loss of heat is 
effected through the carbonic acid, which carries off a con- 
siderable amount of warmth in a latent state. After the 
1 expulsion of the carbonic acid, the products of combustion 
become hotter, and the final or third stage of the operation 
begins. The economical and accurate attainment of this 
result can only take place when the raw material and the 
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fiiel are duly pn^Kprtkuied, athennae it vill either fidl to 
prodaoe the aocarat«ly clinkered masa, oi destroy its raltie 
by prodnciDg the glassy and worthless clinker before referred 
to. The practised cement burner, by his " mle-of-tbnmb" 
process, estimates as nearly as his judgment can guide 
him the quantity of fuel required, and at the bottom of 
his kiln places larger or thicker layers of coke, and as 
he ascends puts thicker layers of brick or material, thus 
distributing as equally as fae can the desired warmth. As 
the coke remains porous during the whole process, the con- 
tents of the kiln cannot clinker sufSoiaitly to prevent the 
circulatioB of the necessary amount of air for combustion. 
Dusting of the contcmts of the kiln, however, either by 
excessiTe heat or imperfectly and inaccurately combined 
raw materials, checks the draught and retards to a wasteful 
length the completion <^ the burning. The clinker is thus 
produced in separate layers and gradually cools from the 
bottom upwards, so that the layers are prevented from being 
clinkered into one mass and easily separated when the kiln 
is ready for drawing. 

When an operation of the above character thus intuitively 
guided, and beyond the isfluence or controknent of rigid 
technical rules, sucoeeds, there can be no reasonable objec- 
tion to its continuance where so loose and unintelligent a 
supervision exists as to accept its services. However, the 
waste of fuel is enormous, not only from the necessity of 
warming the cold kiln, but also from the amount of heat 
carried away through the agents of combustion, all of which 
is so much lost and unrecoverable. The mechanical and 
nnavmdahle destruction of the kiln forms another and some- 
what serious item of expense from the inevitable expansion 
and ecmtraction of the linings dnring the interval that oocuia 
between its loading and unloading. These are, as well as 
can be shortly put, the conditions of the kilns used in 
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England for borning Portland cement, and forcibly illaB- 
trate the disadvantagea which cement makers, who perewt 
in their use, labour nnder. Nothing can be more wasteful 
or costly in character, imleea it be the cement kilns described 
at page 171, and which were only tolerated, as there 
explained, under peculiar and exceptional circamstances. 
Cement makers surely are intelligent enough to realize the 
unhealthy and Dnbusiness-Iike condition in which they per- 
sist in remaining, indifferent to the progress in the science 
of their art, which it is undoubtedly their first duty to 
encourage and foster. While the customer pa^ (and he 
really does) for the extra cost incurred in the manutao- 
ture of the cement, or until a period of great competition 
arises, we need not expect much marked improvement in 
this or any other antiquated part of the process. WiUi 
the exception named at page 241, no effort has been 
made in a soieutiflo manner to effect any improvements in 
the 'kilns. There is indeed, we must not forget, the propo- 
atioD of Mr. Johnson to adopt his patent Uln for the utiliza- 
tion of the waste heat, but there is nothing scientific in 
its character, as tiie short descriptioD given farther on will 
show. 

The desire to take advantage of the waste heat and empl(^ 
it profitably, while overcoming the difBcolty of surrounding 
opposition on the score of nuisance, is a most laudable one, 
and deserves such encouragement as the merits of the inven- 
tion warmnt, but not to the sacrifice of other and more 
important advautc^es. 

Having thus, we hope, given a clear description of the old 
and faulty type of cement kiln, with the inherent defsots 
inseparable from its very constitution, we will proceed to 
examine the Hoffaum's ring kiln as shown by Figs. 23 and 
24, and pcont out the salient featoree wheret^ its claims to 
superiority are undoubtedly established, Fig. 23 showing 
sections of fines and chinmeys with the valvular damper 
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arrangements, and Fig. 24, a plan, partly in section, of the 
chamberB and fire-holes. 
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The essential featnree by whioh this kQn is distingmshed 
oondst in the constrnction of a series of variable chambers 
sorroundiDg a high ohimney, to which they are connected by 
properly arranged flnes, having the necessary valvnlar or 
damper arrangement for their efficient and economical 
control The primary objects attained throngh this scJiome 
of chambers, flaes, and shaft or chimney, are the conversion 
of the fiiel into the various gases, their ultimate, as near as 
may be, perfect combustion, the evaporation of moisture, 
the expulsion of carbonic acid, and perfect vitri&otion. 
These processes come in regular order, and their snocessfiil 
completion depends on the accoracy or carefulness viUi 
which the bricks of raw material are built up, for as th^ 
perform the duty of generators for the gas, any oareleeaneas 
in this direction will materially influence the quality of the 
results obtained. Each chamber is bo conatnicted that it 
can readily be put in communication with the ontside or 
atmospheric air, the central chimney, and adjoining chambers ; 
the first to obtain the necessary air for combttstion; the 
second for the purposes of draught, and the last to receive 
waste heat from one chamber, and in due course as the 
combustion proceeds, to pass it on in turn to the next. The 
fuel is introduced at tike top by properly arranged openings, 
so that the temperature can be effitnently controlled and 
regulated at pleasure. It will be observed that in this, as in 
the other kilns, it is necessary that the chamber burned off 
most cool (but its external walls are warm) before its con- 
tents can be dealt with, and the only and important differ- 
ence is, that while by the old form the heat is lost and 
dissipated, the ring kiln permite and secures its almoet 
perfect utilization. 

The process of ring-kiln burning is a continaona one, and 
admits of no cessation, otherwise the best advantt^ee to be 
obt^ned would be lost This fitcility of, as it were, perpetual 
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working is, however, accompanied by the ctiBad?imtage of 
great loss if there is not enough work to keep the kiln 
going regnlarly. That is to aay, if the system cannot be 
conducted in its entirety, do not attempt to do it partially, 
for SQch a coarse would resnlt in certain &iliire and dis- 
satis&ction. 

A marked feature in the working of the ring kils is, that 
after placing the materials to be operated on in dae and 
regular order — and this is important — you still hold in your 
hand the fnel, and can control it« application, regulating its 
snpply according to the circomstances by which yon are 
sorroanded. In fact, it is never lost sight o( for you can see 
its effect, and change at will the quantity, or control its 
resolta, by the mechanical arrangements which t^nlate the 
admission and exit of air &om the flues. The working of 
tins kiln entaila a certain amoont of technical skill, for its 
conductor should be able to determine the quality of fuel 
requited and most soitable, as well as competent to jodge 
of the various temperatores and the length of their duration. 
The facility with which observations can be made daring the 
pn^rees of burning forms a marked contrast to the con- 
ditions attending the operation of homing the dome kiln, 
for there you commit your fbel to the mercy or accident 
of changing weather, and must stand by utterly helpless to 
remedy any defect, however trivial Ton have exhausted 
your ingenuity whtat the kiln is shut op, and the fire started, 
and you cannot estimate the result of your endeavours ontil 
the kiln is again cold, and its contents ready for grinding. 
It would be nn£ur if we were to disregard or fail to acknow- 
ledge the amount of careful and effective work performed 
by experienced burners, controlled by equally intelligent 
foremen, in the lai^e works on the Thames and Medway, and 
the criticisms made on the existing system are merely intended 
to call attention to this subject for the sake of comparison. 
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There is a weak point even in this naeful ring kiln, and 
one that does not receive its development in the buniing of 
bricks or lime, because these materials maintain their normal 
fonn during the process of buming, unless ondei circum- 
stances of gteat carelessness. The miztnre of rav materials 
requited for the saccessful fabrication of a good Portland 
cement is primarily designed to [»omote vitrifaction. This 
needful and most important result is attended l^ a changing 
form of the bricks, and the tendency by this change to 
destroy or lessen at least their value as gas generators or 
r^neratoiB. The desired object and its most commend- 
able performance ia, when the bricks are, though contracted, 
not much reduced in size, uid competent to retain their 
useful regenerator form, and at the same time clinkered 
enough for the productioi of a good Portland cement In 
the best conducted cement works where the ring kiln is 
employed, the raw bricks are bo bnilt that a grate-like 
structure results, thos facilitating the passage of the air and 
beat equally through the whole mass or fabric and its 
exposed surfaces. In the treatment of this kilo it is prefer- 
able that the Qpper tnicks should be slightly under-burnt, 
BO as not to endanger the economy of the finishing or 
clinkering operation by allowing the foundation or sub- 
stmctnro of the contents to be deranged, and thos oansing 
imperfect draught and circulation of the air and gases. The 
observations we have offered on this kiln and ita claims to 
superiority over the common ones, are intended, in addition 
to their explanatory character, to show that a kiln of this 
soientifio design cannot be successful unless built and nsed 
on the lines so accoratoly laid down by Hoffman and his 
agents. Any departure from its prescribed form or inter- 
ference with the flues or valvular arrangement is pretty 
sure to result in disappointment. In this as in every other 
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kilo of whateTer form it ia indispensable that the ooment 
miztore sboold be unTarying and exact. 

Some years ^;o mach litigation occnrred in Germany 
owing to the misunderstanding about a Hoffman kila 
erected at a Portland cement factory under tlie superviaioii 
of HoSmao or experts in liis employ. Failing to bum good 
cement, the proprietors of the works claimed damages &om 
Hoffman, which he resisted, and the matter coming before 
the usual tribnnal for settlement, much useful technical 
evidence was forthcoming on both sides ; the contention on 
one side being that under no circnmstancee was it possible 
to bum a good normal Portland cement in the kiln in 
question, and on the other that not only was this possible, 
bat in numerous cases it was actually being performed in 
various districts where all kinds of raw material were being 
used. 

In the reeolt it was satisfactorily shown that the cause of 
failure arose irom a combination of circumstances, more 
especially by reason of imperfect reduction of the raw mate- 
rials and inaccuracy in their relative proportions. The care- 
ful examination of the faulty products furnished condttsiTe 
evidence of slovenly or ignorant management, and success- 
fully established the advantages of the ring kiln when con- 
trolled by intelligent supervision. The imperfect grinding 
prevented the necessary close contact of the raw particles, 
thus rendering impossible the accurate chemical result which 
is only attainable, as we have elsewhere shown, when the 
raw powder or dust is almost impalpable 

During the examination of the various prooessea in prepa> 
ration for this trial, one of the witnesses, in furtherance of 
his views, instituted a series of experiments to show that as 
good cement could be made from a ring kiln as &om the 
old dome kiln. To give weight and value to these tests, he 
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pFocared a sample of the beet English Portland cement, 
made by the first makers is a dome kiln, and compaied it 
with a cement of high lepate made in (Germany, and 
obtained through the agency of a Hoffman or ring kiln. 
The analyses of these two cements were as follows : 



Oxide of inm .. 

Hagneda .. 
AUmUea .. .. 
Snlpbate of lime 
OaroonicMid.. 
VDdtMdT«d ledd 
V»ter .. .. 



SI -11 
11 -SO 
8-36 
58-03 
2-98 
0-71 
0-51 
0-S8 
0-49 
O'H 



These cements were tested in the following manner with 
difietent proportions of sand and at varioiia intervals, and 
like the above analyses indicated a very even quality, show- 
ing that they had been carelnlly made ; and when a cabio 
foot of eadi was accniately placed in the measure and then 
weighed, the following result was obtained : 



lC"gHwh cooHdit 1 • 



The materials used in making the English cement were 
white chalk and Medway day, or mad ; and thoes for the 
German cement were limestone and clay; the English 
oranent being burnt with gas coke and the Oennan cement 
with coa). The teste were careftUly conducted, and the 
recorded breakings were as follows : 

The moulds nsed were made of iron, and gave the osnal 
section of 2-25 square inches on the breaking soriaoe. 
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EnffJiah ForUaad Cement Morttw. 



1 oement mi 1 Mud 



S90-3 
IOS'4 
ITO-4 

277-S 



Oaiman Portland Oement Mortar. 
1 dement vad 1 Mud 



601-3 
173-7 
249-8 
411-4 
ffS'S 
101-4 



24 



S80-3 



To show tbat even with the best of raw materisU fonnd od 
the gtonnd, and a HofilnaD's kfln, tiie owners of the worics 
in qaestioo failed to prodnce a good and marketable cement 
at the time referred to, we give the analyses of chalk and 
clay: 

lst.~~Ohalk. 
(Tbrae ■pedmena.) 



OMtioiMkte of lime .. 

t, I 

Oxide of iMO 



98-59 
0-18 
0-34 



97-89 
0-21 
0-33 
1-56 



0-19 
0-87 
0-83 



The Clay. 



20-77 
8-48 
1-6S 
1-01 
1-84 
1-24 
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The proper miztoreB required from the above excetleat 
materials woold, after allowiog for the eUica, which was 
rather flinty in character, produce a cement of the following 
analyais: 

Lime flO'O 

Silk* 25-0 

AlnmiiiB and oxids of fiDD I2'0 



The above analyses and t«atB were made in the most care- 
ful manner by Dr. Fiureck, of Berlin. 

There is no doubt that now, with the experience and loss 
BOBtained, principally through careless treatment and otter 
disregard of the technical department, the cement at these 
works is of good and reliable quality. 

The Hoffman kiln, coostnicted on purely scientific princi- 
ples, requires a more exact system of management, and in 
many cases a special treatment of the raw materials and 
their proportiouB. A mixture producing good cement in the 
common kiln would probably not be equally good if burnt 
in a Hofiinan kiln. Again, much care is necessary to prevent 
over-burning in the ring kilns, so as not to produce a slag or 
glassy mass. Such a result destroys the circulation, and the 
heat ascends above the contracted and sunken mass, thereby 
impinging in all its intensity on the arch, which would, 
under such circumstances, be destroyed. 

In somewhat close imitetioQ of Hoffman's is the kiln 
suggested t^ H. Lipowitz, which, instead of an expenBive 
main chimney, provides for draught through the agency of 
ventilators. In the ultimate disposal of the resulting heat, 
he, by an arrangement of air-channels, dries the cement 
brick after being formed at the brick press. This kiln, on 
its first introduction, too closely imiteted the design of 
Hoffinan, and in consequence, during the existence of that 
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patent, a certain amount of risk attended its building or nee. 
There are many points of excellence in this scheme of kiln, 
and in part or whole it may some day be nsefuUy applied 
for boming cement. 

A. novel and ingenioos system of boming bricks, lime, 
cement, &o^ baa been devised by M. Bock, and its merits are 
worthy of a slight description. (See Figs. 25, 26, and 27.) 

This kiln consists of a long horizontal channel, 1 metre 
broad and 1 '3 metres high, built of fire and common bricks 
with strong iron ties, and is provided with aii^insnlating 
spaces, as is also the chimney, which is 20 metres in height 

Fig. 25 represents a longitudinal view of the kilo, chamber, 
shaft, firing holes C, and transit or wagon channel D. 

Fig. 26 is an enlarged view of the axle and wheel arrange- 
ment of the wagons, and the mode by which, in their pass^e, 
they are rendered air-tight. 

Fig. 27 shows section of kiln. 

The materials to be burnt are placed on specially designed 
tracks which ran on rails fixed in the bottom of the channel, 
and are pushed on to the firing holes, situated about half- 
way in the channeL An arrangem^it of guides at either 
mde of the wagons dips into a sand trough, insulating, as it 
were, the metal wheels and axles &om the heat of the firing 
channel propw. The section of the channel is varied 
aocordii^ to the object for which the kiln is to be used. It 
is fbund that for bricks a square form is sufficient, but for 
lime uid cement it is necessary to build the walls with a 
batter, and the internal section is also narrowed towards the 
top, with stronger arches to resist mrae effeotnally the higher 
temperature necessary for these purposes: To enable the 
cast-iron platforms of the trucks to resist the high tempera- 
ture, they are covered with a doable layer of fire-bricks 
bedded in refractory clay and plastered on the surface as 
well. By this arrangement, and the sand troughs in which 
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run the side guides of the tracke, the channel is practicallj 
split into two horizontal dirisionfl. The one, while Berving 




3dbvGoOg[e 



EILNB AKD HOCa OF BDBNINa. 267 

as the means of traiiBporting the loaded tracks, also acts as 
a passage for the introdnctioD of air for the pnrposes of oom- 
bastion. 

The chimney of the kiln is fixed at what may be called 
the loading or feeding end A, by which the loaded tracks 
are introduced. These tracks are ia torn pushed along 
the line of rails, being accurately coupled to each other, 
so as to maintain the necessary separation of the rail 
fmd wheel and axle channel from the fiie-way. Until the 
channel is completely and accarately fiUed the 1)aming 
cannot proceed, for the fitting of the indraught of air 
from the returning or fire division of the channel draught 
would be incomplete. The chai^, therefore, having been 
introduced, both ends of the kiln are closed with strong 
double iron doors accurately fitted together. 

The firing is now began at the fire-holes, and the fuel 
introduced in a somewhat dmilar manner to that adopted 
in the ring kiln. The necessary air is admitted at the 
entrance, passes under the wheels and axles, keeping them 
cool, and at the closed doors of the end B returns over 
and through the contenta of the trucks. The heat can be 
controlled and regulated by the valvular arrangement at 
the bottom of the shaft in conjunction with the supply of 
air, and accurate observation can at all times be made 
through the holes of fuel supply, which are property capped. 
Each truck is loaded with 600 bricks or its equivalent in 
weight of other materials, such as lime or cement. The 
original method by which the tracks were propelled was by 
a strong screw which pushed a track its full length within 
the channel at the entrance A, and at the exit B a truck 
emerged with its load burnt, and was then again ready for 
further loading. The kiln is therefore continuous in every 
sense, and when a larger capacity is desired it is only necessary 
to lengthen the channel or duplicate it. 
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Iq the experience vhich has been obtained of this kQii, 
Bome slterationB and improTemente liare been found deeiiable. 
Tbe stoke or fire boles were foand to be insufficient, and 
tbey are now assisted or replaced by side gratings. The cast 
iron of the tracks was changed for wrought iron, as it was 
foond that the former fractured with the high heat. The 
lubricating agent used for the trucks is a mixture of 
graphite and tallow, it being competent to resist the high 
temperature. The screw for pushing the trucks was found 
inefficient, and an hydraulic press arrangement was sub- 
stituted ; the level channel was then made 1 in 100, &T0ur- 
ing thereby the pass^e of the trucks. There is still some 
difficulty owing to the small pieces of coal or cinder getting 
into the sand recess, and interfering with the free passage 
of the tracks. 

The cost of these kilns in Germany is as follows. Brick- 
burning kilns, 

£ 

Tobnni 6,000 briokB dail; S25 

„ 12,000 „ „ C75 

„ 24,000 „ „ IIM 

The number of bricks required to build those kilns are : 

BHcta. 

FoTftmalceoC 6,0O0dulf 120,000 

„ „ 12,000 , 150.000 

„ „ 21,010 „ 200,000 

A Hoffman kiln to burn 8000 bricks daily, reqaires 
450.000 bricks. 

These kilus are, so far as we are aware, used only for 
brick burning, but the principle with its manifest advantages 
conld with some alterations be used for lime and cement 
burning. 

Although the name Bock is given to this kiln, its real 
inventor is supposed to have been M. P. Borne, of Paris, 
who upwards of twenty years ago recommended a kiln on 
tiuB principle of construction. 
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Tlio accnmte and proflta))Ie operation of any of these 
scientifically arranged kilns is prejadicially interfered with 
if the technical conditions on which their principles are 
based is departed fronl. Although, theoreticaUy, the nn- 
bamt materials are supposed before being subjected to the 
beneficial action of the beat to be thoroaghly dried, and all 
the latent and acquired moistnie of plasticity eliminated, 
it is seldom in practice that we find these conditions com- 
plied with. The oonsequenoe of snch careleaaness is to 
hinder reliable obserrationa during the early stage of cal- 
cination, and in some cases to prevent altogether the realiza- 
tion of the advantages of the kiln. In using the old style of 
kiln the materials when placed are seldom thoroughly dry, 
and the coke, under the most faToorable oircnmstanoes, con- 
tains from 20 to 30 per cent of moisture, all of which has 
to be evaporated before any profitable action can take place. 
The drying in the kiln becomes therefore a necessity, and 
foUows as a matter of course. In the ring kiln, however, no 
snch necessity arises, and indeed the very fact of steam being 
emitted through the chimney indicatee not only a slovenly 
or careless treatment, but an utter ignorance of the principle 
of the kiln itself, and the rules by which its true working 
should be governed. It is true that one of the leading 
features in the ring kiln is its capacity for the utilization 
of the heat &om the burning mass, which heat, after the 
operation of burning has been performed, is passed into 
the adjoining chamber to assist in the preparation of its 
contents for the fininliiwg process ; so that this kiln 
arrangement is deagned for boming a previously desiccated 
mass, or at all events one deprived of eH auperfluons 
moisture. The kiln is not to be used as a drying oven 
nor to receive the moulded bricks from the forming 
machine. It has sufficient work to do in facUitating the 
decomposition of the carbonate of lime, and its economical 

B 2 
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cODTergiou and combustion of all the contaiued gases. The 
indranght of air required tor the parpoees of combustion is 
effected through the agency of the chimney, and little if any 
allowance is made for a body of steam, whose existence in 
laige qoantitiee would only act as a conductor and rob 
the heat from tiie kiln. A ring kiln, therefore, which 
ezbibits a cloud of steam from its chimney, may be regarded 
as one under the control of inexperienced or ignorant 
management In a small kiln of this type it may not 
be qnite possible to extract &om it the fall value of which 
it is capable, but in those laige enough to permit of its 
fullest development, the practical result should be perfect 
combustion, and the air entering the chamber of the shall 
should not exceed 120° in temperature. 

If carelessly erected, and on such foundations as tender 
the extraction of moisture from the ground possible, the 
behaTioni of the kiln will always be unsatis&ctory. In well- 
arranged kilns not only are their foundations so constructed 
as to render impossible the absorption of damp &om the 
ground on which they are built, but the chamber and other 
exposed external portions are carefully clothed by sufficient 
corering so as to prevent the radiation of heat. Indeed the 
machinery of the kiln (for its fiues and their controlmeut 
may be regarded as mechanical) is primarily devised to 
consume with accuracy the required amount of fuel accord- 
ing to the purpose for which it is designed, and in its com- 
bustion perform this important duty. 

Johnson's improved Portland cement kiln differs hut 
slightly in principle from the old closed kiln, by which 
the waste heat was utilized through the agency of the 
draught obtained by a chimney of great height. By this 
process — for much of the old practice is abandoned by the 
adoption of this kiln — the usual method of washing with 
harrows in the circular wash-mill is rosorted to, and the 
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washed or mixed materiftle pumped up to a level above the 
kilns into cylindrical reservoirs. After a certain amount of 
decantation these reservoirs empty themselves by the re- 
moval of the ducies on to the drying channel, warmed by 
the gases in their passage to the high chimney. 

In the extensive works recently erected (on hie plan) by 
Mr. Johnson, near Greenhtthe, a marked difference in the 
extent of the back-room is apparent. There are a couple 
of small backs apparently used as reserves, bat the space 
occupied by the circular receivers is very inconsiderable 
indeed, and must reduce the cost of manufacture to a 
marked extent 

Under any circumstances and by whatever agency the 
process of burning, as it is usually termed, is performed, all 
aim at one and the same object, viz. the production of a 
clinkered material of the following characteristics and pro- 
perties: 

1st. In appearance it shonld reeemble lava in texture 
and be more or lees porous according to the materials used, 
their treatment, and the amount and value of the applied 
heat The object should be to produce a clinker of a 
greenish or bronze tint, and not of a dark blue, which, if 
produced, indicates a too dense mass, incapable of energetic 
action, and when gronnd produces an angular powder of the 
most slnggish binding capacity. 

2Dd. It should have the power of absorbing, when finely 
ground, a moderate amount of water, setting within a 
reasonable time, and resisting when set the action of water. 
The specific gravity should not be under 2 ■ 80 or exceed 3 * 2. 
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CHAPTER XYII. 

BBIGE-FOBHINa HAOHINEBY. 

In the dry process it is necessary, under the best application . 
of that system, to convert the powdered materials into con- 
venient forms for fiirther treatment. The first dnty of the 
cement maker is to prepare the dry material by the addition 
of water to produce snch a state of plasticity as will suffice 
to permit of its being pressed or formed in the brick machine 
selected for that purpose. This is the place where it will be 
most convenient to impart to the mass any chemical ele- 
ments of which it may be found deficient, so as to assist in 
securing the required clinker £rom the kiln. The production 
of a first-class Portland cement is only possible when the 
combined ingredients are competent to perfect the chemical 
result. 

In the absence of the necessary alkalies, a dnsty <» disente- 
grating clinker will be produced, devoid of the required 
cementitious properties. The greatest care most be ex- 
ercised, while imparting the requisite moisture to the powder, 
that no meohamcal disarrangement of its atoms will result 
therefrom. The process of reduction will have brought the 
raw material into a fairly accurate combination, and all that 
is now required is to maintain that accuracy undisturbed. 
The primary object of the imparted moisture is to render the 
comtnned mass cohesive enough to ensure its passage to the 
kiln, and permit its being able to withstand the pressure to 
which it may be subjected while undei^ing the process of 
calcination. However small the amount of water used, it 
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m&j be regarded simply as an ^ent by which the powder 
ia rendered plastic, onlesB where any chemical agent is 
dissolved in it for the purpose before referred to. The water 
therefore, is practically a temporary expedient, and it most 
again be passed off in a state of raponr before the bricks 
can be properly acted on by the fire. The primary object 
of this process is to facilitate the passage of the ground 
materials to the kiln. 

There are Tarioos kinds of brick-forming machines, and as 
true accuracy of form is unnecessary, there is no need to use 
a very expensive or needlessly complicated one. In Fig. 28 
ia shown a very useful png-mill machine, competent to exert 
the required pressure on the plastic mass and pass it on in a 
fit state to the drying sheds. 



This brick machine is of the simplest kind, and can be 
made of any required size. The dust is received from a 
large hopper, or room, sitoated at a level high enough to 
permit of the dnst traversing a sufBcient distance between 
double screws or creepers, during which time it receives the 
necessary amonnt of moistnre. On entering at the top of' 
the pug-mill it is acted upon by the knives attached to the 
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spindle, and pressed down to the bottom of the mill, where it 
IB extruded at a, forming a continuooa bar to 0,aiid is then 
pasaed on, divided or cot as required, by the rollers of the 
receiving frame to B, &om which it is tranaferred to the 
proper wagons or barrowa. If required, the machise may 
be made to deliver at both sides. To facilitate the dry- 
ing of the mass, the mill is surrounded by a steam or water- 
tight jaoket, where steam or hot water can be introdnced 
at d, and after surrounding the pug-mill, finds an outlet 
at 0. I has been proved by experiment that if Uie water is 
applied hot to the powder the time required for drying ia 
much reduced. There is some risk, however, in too suddenly 
depriving the mass of its imparted moisture, and oare should 
be exercised when this plan is adopted. The form of the 
brick as represented by h, need not be regarded as an 
arbitrary one, but capable of adaptation to the wants and 
requirements of the manufactory. Some materials, especially 
those of a crystalline character, even after the most exhaus- 
tive and careful treatment, develop a shortness, or granular 
character, and cannot readily be made compact enoi^h 
under the ordinary treatment, to prevent crumbling and 
dusting of the bricks during their passage from the brick 
machine to the kiln. Under such conditions the moisture 
should be retained as long as possible, and, indeed, in some 
cases twenty-four hours' aoakage of this powder would be 
advisable before being formed. Not only is the close con- 
tact of the prepared raw material desirable, but their true 
accuracy should be secored until the application of the 
kiln heat. Busting of the raw material in the kiln is at- 
tended with injurionB rasolt^ as the disintegrated dust of the 
bricks enters into and clogs the air-spacefl required for the 
proper and economical combustion of the fuel It is this 
difficulty which has, in several cases known to the author, 
resulted in failure, and disbelief of the impatient in the pos- 
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sibility of oonTerting hard limestoBes and indarated shales 
into Portland cement. We ranat admit that there are 
difficulties attending the dry process under such circnm- 
Btancee, and especially where the necessary conditions of 
acoorate manipulation are absent. It is impossible, however, 
to provide against ignorant and careless treatment in such a 
manofactare, although improved information and specially 
adapted machinery may, and does, sometimes assist the most 
undeserving. 

Much of this difficulty may be overcome by a machine 
capable of exerting great pressure on a comparatively dry 
powder. Hitherto all machines for this purpose have more 
or less dealt with the material to be converted in a variable 
state of plasticity, rendering unavoidable a la^e percentage 
of water aud air present in the pressed brick. In some clays 
used ill the manufacture of building bricks this porosity of 
the product is not regarded as either objectionable or danger- 
ous. In other qualities of clays, however, the presence of so 
much void interstitial space renders the brick worthless in 
character and dangerous to use where stability of structure 
is necessary or desirable. 

As we have endeavoured to show that a highly compressed 
state of the raw powder is of the utmost importance we will 
shortly describe two useful machines well suited for this 
purpose. 

Fairbum's Direet-aetinff Steam Preaa. 

The desired advantages for the perfect amalgamation of 
the raw material powder can be reached through this 
machine. In our desire to ascertain the latest and most 
approved press from a cement-making point of view we have 
examined the various presses and machines, and the result of 
these inquiries is that we regard this simjde machine as very 
suitable for the purpose. 

It is actuated by ttie steam pressure direct &om the boiler, 
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and therefore diepenses with all expensiTS and dangerooB 
gearing, shafting end belting being avoided. Hence in a 
cement manufactory, where there are already too many 
mechanical complications, 
this machine will be fonnd 
convenient and nse&l. We 
shall proceed to give a 
general description of it as 
shown in Fig. 29. 

The machinery of mould- 
ing is actuated by the piston, 
at either end of the cylinder, 
and is, as shown, duplicated 
at each side tbereofl The 
hoppera, which are ao 
J placed as to receive the 

J previously prepared powder, 

^ are filled by elevators or 

other convenient machi- 
nery, or the supply can be 
accumulated in a store 
or floor directly over the 
machine. 

Immediately below the 
hopper, and at the aperture 
through which the powder 
or dnst passes, is fixed an 
accurately arranged mea- 
suring box, working over a 
slot on the upper side of 
the monlding die or tabes. This box is capable of easy and 
accurate adjustment, passing the required quantity according 
to the size and form of the desired block. This measured 
quantity drops readily through into the tube in which it 
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nitimately receives the necessary pressure. On first exert- 
ing the steam power by the preesure tiom the boiler, the 
piston of the cylinder after being filled with steam moves 
io the required direction, and in doing so brings the box 
containing the measured quanti^ into a posiUon for 
dropping its contents into the tnbe, as already stated. 
While this feeding action is proceeding on one side, the 
process of compressing and delivering is taking place on 
the other. This operation continnee until the traverse of 
the piston has been ezhansted or performed, and the 
desired density of the moulded mass is completed. The 
peculiar arrangement for effecting this object is of so 
acoorate and perfect a character, and always so under the 
control of the attendant, that at will the presanre may be 
increased or dimim'ahed. 

In the mano&ctore of bricks or blocks requiring to be of 
special form, this is readily effected by the introduction 
of templates or pallets giving forms of all kinds, either 
rectangular or spherical. In the latter case a most desirable 
improvement coold be effected in cement making, for the 
balls thus made would be so dense in character and dry 
as to permit of their being at once placed in the kiln. 
Indeed they might roll into the kiln from the machine. 

The steam pressure required to work this machine shonld 
' be at least 50 lbs. per square inch, and where conv^ent 
higher pressure would be found more economical 

The ontpnt from a machine of this class working at a 
pressure as above would, supposing the balls to weigh 
5 lbs. each, produce about 50 tons per day. One of the 
least costly of those machines having a 20-incb cylinder 
would exert a pressure of abont 8 bms on each ball, and of 
course by increasing the pressure of the steam the ultimate 
passible pressure is almost unlimited. The expulsion of 
air from the bolls or bricks is readily accomplished through 
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the agency of the pallet boards, nhieh can be made of a 
perforated or cellular form. The peculiar action of this 
machine is not spasmodic in character, hnt performs an 
even and continuous preaenre daring the passage of the 
moulded block through the entire length of the tube in 
which the brick must necessarily travel before reaching the 
point of dehvery. 

At first sight, without further explanation it would appear 
that the moulding of each block required the exertitm of the 
filled cylmder, and only one block coald therefore be made 
at each stroke of the piston. This is not so, however, as only 
a portion of the steam passes, leaving behind the remainder, 
which continues to repeat the strokes as desired, and 
according to the size of the block even as many as twenty 
at a time can be produced by each die. 

Fig. 30 represents a perspective view of the machine known 
as 

QiUhri^a BridMnaMnff Machine. 

Hitherto much difficulty has been experienced in obtain- 
ing a brick-forming machine or press, capable of treating 
dry materials with any degree of success. In the increasing 
desire for a machine of this class many inventions have been 
offered to meet the required desideratum, but they have 
generally fallen short in being only capable of treating the 
clay or mixture either in a semi-plastic state or at all events 
too moist for economical or successful cement - making 
operations. 

A machine, apparently possessing the necessary condi- 
tions of success, has been recently patented, and &om the 
exunioation and performances of Uie madiine submitted to 
the author's inspection, there is every indication of its 
proving a useful auxiliary in the manufacture not only of 
cement, but also in the conversion of hard and obdurate 
shales and clays into bricks. 
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Figs. 31 and 32 represCDt the machities as most recently 
improved, Fig. 31 being the elevatioD, and Fig. 32 tke 
section. 

The previously prepared materiala are conyeyed to the 
hopper H in the most convenient manner by elevators or 



other similar machinery, from which they descend by their 
ovn gravity to the measuring box 5, the supply to which is 
regulated and adjusted by a small slide at the bottom. At 
h the hopper has an opening whereby at all times inspection 
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can be made of the progress of the materials, as they 
descend, and before being subjected to the action of the 



machine. The measuring box (B) has one adjustable side, 
so that the exact capacity may be readily adapted and re* 
gnlated, moving on the mould M, to which it is fixed. I> is 
the fixed or standing die against which the materials are 
pressed by the action of the piston or plunger P. To over- 
come the shock of the plunger, D is fixed upon a spring bed 
SS. The plunger P receives motion from a simple cod- 
necting rod and single-throw crank driven by spur gearing 
in the usnal or ordinary way. A small pulley is fixed upon 
the pinion shaft which drives the delivering band E, upon 
which are received the bricks or blocks, when pressed and 
finished, on their dropping from the mould. The action or 
motion of the mould is obtained in a simple and peculiar 
manner, thns : — From a point about midway on the connect- 
ing rod, there is an elliptical movement which is attached to 
the rocking shaft above it, by a rod and lever, and by this 
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arraDgemaDt great variatioB of speed is obtained. In addi- 
tion, a short secoodar^ stroke is imparted to the monld by 
cansing the lever and rod (commuoicating motion to the 
mould) to pass the centre and produce a short and long 
reciprocation for every revolution. The object of this 
Fio. 32. 



peculiar motion is to obtain accurate aud souad omieis to 
the blocks or bricks ; the material being by this arrange- 
meut driven in both directions, while being submitted to the 
maximum pressure of the machine. 

To overcome the injurious action of the air contained in 
the material under treatment two provisions are adopted. 
First. When the materials are introduced into the measur- 
ing bos, they are permeated with steam, and then at once 
dropped into the mould, where the pressure is gradually 
applied before being completely closed up, thus allowing the 
dispersion of the greater part of the air or vapour before the 
maximum pressure is applied. Second. The arrangement 
of springs in connection with the die D, having a constant 
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pteseare of many tons, the greater part of which is main- 
tained upon the block on ita fonr exposed mdes until it is 
entirely free of the moald, bo that Uie atmosphere disperses 
any residue of air or vapoar remaining, thus seeming a 
properly compressed brick free from cracks. 

Blocks made by this process have been tested to a pressure 
equivalent to a column of 900 diameters high. The edges of 
the block thus made have maistained their sharpness so mnch 
BO, as to remain nninjured after being throvn about or pitched 
from a considerable height. 

In some experiments made in presence of the author with 
a finely ground cement raw material the following results 
were arrived at: 

let. The required quantity of water imparted to a dry 
powder was only 15 per cent. 

2nd. The capacity of the box B was equal to 177'4 cnbic 
inches. 

3rd. The brick produced under not by any means the 
extreme pressure which the machine appeared capable of 
expending was 98-86 cubical inches, being a reduction from 
the capacity of the measuring box B of 80 per cent. Weight 
of wet brick, 7 '87 lbs.; when dry, 7 lbs. 

Should it be found that the advantages promised by this 
machine are realized, and so far the author's examination 
confirms the promise made by its Inventor — we shall have a 
new and powerful auxiliary in the dry process of converting 
the moBt obdurate materials into Portland cement There is 
a possibility, however, that bricks so dense in character as 
those produced by this machine will require a larger amount 
of fuel for their conversion into cement, but this will be 
attended with the advantage of less waste in the kiln, and 
secure a resulting clinker of more reliable quality. The 
machine in question is competent by a varied arrangement 
of dies to produce any form of brick, and as in practice it 
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may be found desirable to substitute some other than the 
square or rectangular shape, the facilities it afTorda for 
such a porpoee are not the least of its advantages. 

The bricks, made under the author's direction and &om 
raw materials furnished by him, were so dense in character 
that for the purpose of examining their internal condition it 
was necessary to use a saw to divide them. Altbough the 
pressure applied during the experiment was much under the 
maximum power of the machine, yet the brick on examina- 
tion proved to be so dense that it was di£Bcult to detect 
the presence of voids or interstitial spaces. Under certain 
arrangements it i^pears to us that the bricks produced 
throngk this agency might at once pass on to the kilns. 

Although thus presenting to our readers what we regard as 
useful machines for producing bricks, we do not insist upon 
their adopti(m ; for any other of the numerous brick-making 
machines are more or less suitable for the conversion of the 
law materials into the required form for further treatment. 
It is the duty, however, of cement makers to take advantage 
of the latest machines required for their operations, at least 
when the improvements tend not only to lessen the cost, 
but improve the quality of cement. 
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CHAPTER XVIIL 

TBSTIKa MA.0HINBE7. 

Bbitween the simple and easilj nnderstood water test of 
SmeaUiD in 1757 and the elaborate scientific machine of to- 
day, there is a vide difference. It will be profitable, how- 
ever, for OS, we consider, to examine the Tarions means I^ 
which the esperimenters arriTed at the respectiTe results of 
their several investigatioDa. 

gmeaton merely tested the capacity of his mortar to set 
under water, and had no idea of measuring its cohesive or 
adhesiTe value. The binding properties which it exhibited 
satisfied his desire to have a reliable mortar with full 
capacity te hold together the materials of construction, and 
to withstand the disturbiug infinence of water action. The 
mode porgned by him is very similar te that frequently 
adopted at the present time of arriving at an approximate 
and hurried estimate of cement by mixing up a small portion 
and maluDg a pat or cake only ; instead of this form, however, 
Smeaton and Pasley made their mortar up into the shape of 
round balls. 

Yicat, the first to associate with his investigations chemical 
knowledge to assist him in his experiments and the deduc- 
tions he arrived at, went a step farther, and instituted what 
he called the needle test, performed by the aid of the 
machine shown in Fig. 33, being a representetiou of the 
original machine used by him. 

We shall take Yicat's description of Fig. S3, which is as 
follows ; 

"The averge dimension of the different parts of the 
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maolime is about an iuch each way ; breadth 10 inchee, 
height from the Bole to the liftiDg pulley, 21^ inohee. 

" Length of the rod a b, viz, : from a to e, 6 inches, from c 
to d, for the part enclosed within the cylinder of lead, 
1 ' 69 inches, from dtob,to the adjustment of the point p, 
5i inches; section i inch (nearly); length of lift 3- 937 
inche& 

" To make use of this machine, we commeDce by setting it 
up perpendicularly ; the rod a b being kept vertical. The 
cement to be tried is placed nndemeath this rod, the Teesel 
containing it being wedged op if necessary ; the point of 
the rod then bears on the surface of the cement. We read 
<^ at e, on the edge of the bent index, the nomber of tenths 
of an inch mArked on the scale. We then lift it by means 
of the string/to a given height (fixed at 1'9685 inches for 
all onr experiments), after which we release the string 
Baddenly, like the monkey of a pile-driving machine. The 
point falls and penetrates more or less into the cement. We 
read off the scale a second time, and by subtraction arrive at 
the quantity of jpeneiration. 

"The rod armed with its point weighs 15383*7 grains, or 
2 lbs. 3 oz. 2J drs. avoirdupois nearly." 

All the compounds to be experimented upcm were kneaded 
stiff, and as nearly aa possible to the same degree of con- 
sistency, by the aid of a pestle. Those samples intended 
for immersion in water were put into rather deep than broad 
cups of delft or common glazed earthenware, and were 
covered with pore water immediately after their preparation. 
The initial set of the immerged samples were measured by 
the number of days which elapsed from the instant of im- 
mersion to the time when they could bear without any appre- 
ciable penetration a knitting needle of *047 inch diameter, 
filed to a right angle at one of its extremities, and loaded at 
the other with a weight of 10 oz. 9 dra. svoirdopois. 

t2 

DigizedtyGOOgle 



276 SCIEIIOE AND ART OF POETLAKD CEMENT. 

The machine nsed for breaking the priamB of mortar, as 
shown in Figs. 34 and 35, ia very simple in character, and 
Fjo. M. Fig. sa 
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capable of accurately estimating the streogtli in the maimer 
required. The machine must have beea steady from the 
mode of applying the weight by a stream of sand, the 
passage of which from the hopper to the box suspended 
from the clip round the sample was even and smooth. 
Fig. 36 represents a modified form of Vicat's penetrating 
testing maotiine, which baa been used in America and 
this country by some engineers and architects for many 
years. 



Pasley instituted a variety of tests of a practical character, 
embracing a wide range of investigatioa He not only 
aimed at theoretical results on cements and limes, bat ex- 
tended his observations to their various combinations with 
building materials of every deecription. A favourite mode 
adopted by him and still practised by some makers was to 
extend from a wall a series of bricks joined together at 
certain prescribed intervals of time by the mortar nnder 
examination, and the number of bricks so cemented, and thus 
supported, indicated the adhesive value of the cementing 
agent. Such a test was of fluctuating and uncertain value, 
and no longer enters into the practice of modem testing. 
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There were many other similar modes by which Paeley aimed 
at impartiDg to the conBtructive profeesion reliable knowledge 
in the most direct form. Those experiments on the strength 
of brick beams built with different kiuds of cement mortar 
indicated his appreciation of that kind of strncture; bnt 
modern or existing practice disregards sach adaptation, and 
in sach form is generally superseded by the ose of iron. 
At the Exhibition of 1851 this form of teat was adopted in 
the trial of Portland cements, but the resalts arrived at lost 
much of their value from the fact of iron hoop bond having 
been introdoced into the beam. 

Fig. 37 represents the apparatus first used by Trenssait, 
and through the agency of which Pasley obtained his tensile 



or rupture tests. The scale-beam form of machine was the 
common and nsual mode of testing in this conntry until 1858, 
when the steelyard machine was first used by the engineers 
of the Metropolitan Board of Works. The scale-board teeter 



3dbvGoOg[e 



TEsmta maohineb;. 279 

ia inaccurate, owing to the insepatsble vibration of the plat- 
form, as each eucceeding weight which was pot on swayed 
it to and iro, and produced results of donbtfnl and varying 
accnracy. 

Adie'a steelyard machine, first used by Mr. Grant, and 
through the agency of which all his recorded tests were per^ 
formed, is shown in Fig. 38. This machine is simple in 
cbaracter, and generally indicates with approximate accuracy 
the tensile value of materials submitted to its ecnitiny. 
There is, however, at the period of examination, some degree 
of vibration during the progress of the moving weight when 
traversing the beam. The machine is adjusted, when placing 
the briquettes with the clips in which they are enclosed, by 
a hand-screw underneath the table, and this being accurately 



accomplished, the small handle at the other end of the 
machine, on being turned, moves by a catgut line the 
depended weight, which, when the fracture occors, indicates 
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the breaking weight on the gradaated erteelyard or beam. 
This machine has attained a position from the fact of 
its haviog been that- used by the engineers of the Metro- 
politan Board, but it cannot be accepted as a perfect one by 
the accurate and technical examiner. 

Pallant's testing machine, as shown hy Fig. 39, is similar 
in character to that of Adie's, and is now osed by the Board 
of Works. It has attained a high reputation amongst con- 
tractors and engineers &om its stability and freedom from 
derangement. These machines have been supplied to the 
Government engineers and contractors, and used by them on 
many important works at home and abroad. 




Another testing machine, of a simple and inexpensive 
character, which has obtained some position amongst home 
and foreign engineers, is Michele's, shown by Fig, 40. After 
the adjustment of the briquettes, the rupture is produced 
by turning the handle which moves the rack and pinion, 
thus exerting a strain on die briquette clips, raising thereby 
the circular lever weights. The reading of the tensile 
breaking weight is recorded by the loose index point on 
the graduated arc. There is considerable strain in practice in 
the use of this machine, and consequent vibration during the 
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time of testing. It is, however, for ordinary purposes, a 
useM and handy macliine, where extreme accaiacy is not 
desired or oeceasary. 

Fio. 40. 



We will here call attention to a highly ingenious and 
thorooghly scientific testing machine, invented by Professor 
Thurston, of America,' which fhlly, as far as metals are 
coDcemed, reo^iDizes and measares every known strain, and 
moet searchingly proves tbeir respective valnes. Its testing 
powers are almost unlimited, and indicate by an antograpbic 
r^istry the strength, elasticity, limit of elasticity, ductility, 
homogeneousnesB, and resilience of the submitted sample. 

In speaking at a recent discussion ou Portland cement. 
Professor Beynolds, of Manchester, the President of the meet- 
ing, said, " There was one point with regard to the strength and 
testing of cement^ which appeared to open out a very consider- 
able field for research. The question was aa to whether it 
should be a test of compression, or a test of tension. There was 
* Sole maken in England ore Ueute. W. H. Bailoj and Co^ Salford, MonclieBter. 
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little donbt that for general purposes compression is the force 
the atrnctnres for which cement is used are called upon to 
bear. Bnt it is questionable whether the masoniy gives way 
from the crushing of the cement. If the stone b strong, the 
cement might he called upon to hold the wall tc^ther and 
prevent it from hurstlDg, and so the strength called for 
might be one of t«n8iou rather than compression. It would 
seem that the tensile strength is the best of the two, beoaase 
for compression there is a large margin of strength, whatever 
may be the condition of the material. In tension the whole 
result is shown. In America they tested cement by twisting, 
aad in this way they got over what is the difficulty with all 
Fio. 41. 



tensile strains, and that was the impossibility of bringing the 
force to bear fairly on the section. By merely varying the 
line of force one-sixteenth of an inch, it would reduce the 
strength something liko a quarter. This method was intro- 
duced into America by Mr. Thurston, and seemed to give 
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very satisfactoiy results. The character of the force seemed 
to be similar to that whidi masonry is called upon to bear. 
Id Liverpool they had a system of testing cement in com- 
pression by means of the anchor and chain testing machinery, 
and in this way fonnd somewhat striking results, not so 
much with regard to quality of cement aa to the way in 
which the strength was affected by the mixture that was pnt 
in. He thought it was a mistake to put in too much cement. 
It was BufScient to fill the crevices between the stone and 
sand. By using small stones with larger ones they might 
fill up the cavities, leaving little room for the cement." 

Fig. 41 represeotA Professor Tborston's machine. The 
author is not acqnainted with any tests of cement obtained 
through its agency, but hopes at some early period to 
institnte a series of cement and mortar tests by it, and 
as indicated by Professor Reynolds. 

A great obstacle to the practice of testing for ordinary 
purposes is its costlineas, and the machinery required for the 
simplest tests cannot be commanded by many to whom 
testing would not only be instructive, but in the long run 
ecfmomical. Danger would be foreseen, and disaster and 
loss thereby avoided. In the desire to realize the de- 
sideratum of a reasonable priced machine, many attempts 
have been made, hut the inducements held out have not yet 
succeeded in awakening the required interest amongst 
architects and builders. The apathetic indifference one 
might almost term it, which induces this class of constructors 
to trost to the cement maker's assertion that the cement 
was tested by the " Metropolitan Board of Works Test," or 
"Government Test," or some other equally apocryphal 
agency, is indeed humiliating. In Germany, where the 
cement question receives its well-merited attention, the 
want of a cheap and reliable tester has now become a 
matter of importance. To meet this exigent and growing 
want, a comparatively cheap tensile and compression 
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machine is offered by Messrs Fnihling, Michaelis, and 
Co., of Berlin, drawiogB of whiob are shovn by Figs. 42, 43, 
and 44 Theee machines do not to onr notions of excellent 
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mami&ctare appear firet class in character, but their coat 
will go far to commend their adoption, where only ap- 
proximate accuracy is desired. 
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The next macluoe on which we will observe, is that 
mana&ctQred by Messrs. W. H. Bailey and Co., of Salford, 
who have had much experience in the make of testing 
machines of every description. Their appearance and work- 
manship are more agreeable to our ideas of this class of 
machinery. Figs. 45, 46, tensile testing machine, and 
hydraolic compreeeion apparatus. The author has made 
some tests through the agency of Uiese machines, and fonnd 
Vn. 4S. 



them reliable and accurate. It appears to us that this hind 
of tester in price and simplicity descends low enough to 
avoid on the one hand excessive cost, and on the other 
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secnreB the necessary accaracy withont whicli no machine, 
however inexpensiTe, should be tolerated. There can be no 
question of its extreme delicacy, and absence of Tibration , 
while at the same time it has the advantage of being self- 
recording. 




In 1870 the antbor need at the Bngby Cement Works a 
testing machine of considerable merit, which he bad made at 
Stettin. It is shown in Fig. 47 arranged for testing briquettes 
under tensile strain. It was also competent to test the com- 
pression value of inch cubes by an alteration of the levers 
and weights, but we will confine our description to the 
machine as delineated in the sketch. The proportion of the 
lever arms is five to one, but by their alteration it can be 
increased to ten to one ; snch a change, however, being only 
necessary when prismB oi one inch cube require to ha tested 
for compressive value. 

The briquette is inserted into the clips E E, and their 
adjustment r^;ulated by the screw I, which is &stened to E 
by a ball-and-socket joint, so as to prevent lateral deviation 
of the lever while the scale-board is being loaded with 
weights. The lower clip is connected with the fork L by a 
hinge, the fork itself being fastened in a steel groove in the 
lever A by a steel edge. The distance of this groove bom 
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the Axis U one-fifth of the whole length <^ the lever. The 
lever is mpported by the screw 8. Wli^i the hriqnette is 
adjusted in the clipe, the upper clip is listened by the not H, 
and the lever is then liberated by removal of the scxew S. 



It now acts upon the briquette with its own weight, and 
that of the scale-board. In such cases, as where a test of 
neat cement is reqaired in a few hoQrs, oi one of mortar 
after a few days, such briqaett«a would not in all probability 
bear the weight of the lever and scale-board. The lever 
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C 18 then used, aod can be bo arranged as to neutralize 
wholly or partially the weight of lever A and scale-board. 
The scale-board is now loaded with weights till fracture 
ensues. The form of mould used was rounded, as shown in 
sketch. 

This testing machine is made in a most careful manner, 
and its appearance and character reflect mach credit on the 
German workmen by whom it was tnmed out. 

The prisms to be tested are placed on the plate E, resting 
on edges, and the clips K E and fork L are remoTed. The 
edges at H on which the plate rests are only represented on the 
sketch at one point, but the other is exactly 0*13075 metre 
apart. The lever is now arranged, and is prevented from 
moving by the weight B acting npon the lever N ; a steel 
edge is then placed in the groove of the lever A exactly 
vertical and parallel to the sample. 

The mode of testing thus hurriedly described is somewhat 
tedious, and requires much nicety and care in its perform- 
ance. When great accuracy is desired, and the double test 
wanted, this machine is one well suited for use in a manu- 
factory, where a special workman should be entrusted with 
its management. It was so used at Bngby by the author, 
and it assisted him largely in the necessary experiments 
when he undertook the task of releasing these works from 
their ignorant and prejudiced enthralment. 

In the beginning of the present year, a general meeting 
of manufacturers of bricks and cement, and others interested 
in these materials, was held at Berlin. Among other decisions 
arrived at by this body, it was resolved, for the purposes of 
reducing the inconvenience of a variety of standards and 
conditions, to institnte one uniform system directed by 
suitable rules for using cement The meeting was almost 
unanimous in agreeing to adopt the following tests. 

1st. The weight of the casks and sacks in which Portland 
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cement is bronght into the market shall be oniform ; the 
mann&cturers are only to pack cement in nonnal casks of 
180 kilos, gross, 170 kilos, net weight, half-caak of 90 kilos, 
gross, 83 kilos, net, and sacks of 60 kilos, gross. 

For le^age and differences in the weight of each cask 
2 per cent may be allowed. 

The casks and sacka mast bear the name of the manu- 
facturing firm, and the amount of gross weight. 

2nd. According to the use for which it is intended, Port- 
land cement should be ordered slow or quick setting. * For 
most purposes slow-setting cement can be nsed, and is to be 
preferred, because more safe and easy to work, and superior 
in strength. 

A cement may be termed slow, if it requires half an hour 
or more to set 

3rd. Portland cement mast be constant in volnme. Tho 
decisJTe test in this respect is to place a thin cake of cement, 
made upon glass or a tile, in water, observing, after a con- 
siderable lapse of time, whether it becomes contorted or 
cracks show themselves at the edges. 

4tb. Portland cement most be ground so finely that a 
sample of it will not leave more than 25 per cent, residue 
on a sieve of 900 •mfidie& ^er square ceTiiimetre, 

5th. The cementitious strength (tenacity) of Portland 
cement is to be tested by means of a mixture of cement and 
sand. The tensile strength is to be tested, according to a 
uniform method, by means of the briquettes of the same 
shape and section and the same apparatus. The tests are to 
be made with briquettes of 5 square centimetres section. 

These briquettes are to be made in the moulds and appa- 
ratus of Dr. M. Leger and Dr. Jul. Aron, of Berlin. 

6th. Qood Portland cement must, when mixed with three 
parte by weight of clean sharp sand to one part by weight 
of cement, and hardened for one day out of) and twenty- 
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seven days in, water, have a minimiun strength of 8 kiloa. per 
square centimetre. 

The standard sand for this test must be of a certain size of 
grain, and is procured by sifting sand as it occurs in nature 
through a sieve of 60 meshes to the square centimetre. 
The ooarser particles are thus excluded, and the sand pre- 
pared in this manner is again sifted with a sieve of 120 
meshes per square centimetre, to free it from the finest 
particles. 

The briquettes must be tested inunediately the; ate re- 
moved &om the water. 

In the case of quick-setting cements, the tensfle strength 
. of 8 kiloe. per square centimetre in twenty-eight days cannot 
be expected. The apparatus used in furtherance of these 
rales is shown in Fig. 48 and a, desoription of the mode by 
which it is used is as follows. 

Fio. 48. 



The apparatus must be put together as indicated by the 
above sketch. The lever A, by means of the counterweight 
B, is brought into such a position that its three knife-edges 
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fonn one horizontal lioe. Tbia position ia indicated by a 
mark on the machine. The Bmall bucket C is then hung 
npon the book attached to the ' scale-board L, and the 
briqaette is slid into D and E. Id doing this, care mnst be 
taken that the four clip ends which are opposite each other 
are parallel, so that the tension of the briqnette is nniform. 
By means of the wheel F the briquette can be adjnsted so 
(hat the lerer A again attains its former position. The 
receptacle Gt ia fitted with shot and placed by the side of the 
bucket C, so that the shot may fall into the latter. For 
this purpose the slide T is raised by means of the brass wire 
so that the shot falls quietly, but uninterruptedly, into the 
pail. The toothed part of the wire is hung npon the knife- 
edge immediately below the edge of the receptacle. The 
instant fracture ensues, the supply of shot is cut off by 
pressing the bent wire outwards, thus removing it from the 
knife-edge. The weight of the bucket and shot has caused 
the fracture of the briquette. The weiglit of this is deter- 
mined by means of the apparatus itself. The bucket is 
hung npon the abort arm of the upper decimal lever by the 
hook E, and weighed by weights put upon L. Tbia being 
a decimal weighing machine, if the number of grammes npon 
L be a, then tlie weight of bucket and shot will be 10 x a. 
This latter weight mnltiplied by 50 gives the weight 
which caosed the fracture, the proportion of the upper 
lever arms being 1 ; ID, and of the lower 1 : 5, The weight 
which caused fracture is therefore 50 x 10a; the section 
o( the briquette being 5 square centimetres at the point 
of fracture, the breaking weight per square centimetre is 

50 X 10 X a ,nn 1 -< 
i = 100 X a in grammes, or A X a per 1 sqoare 

centimetre in kilogrammes. If, for instance, 106 grammes 
were npon the scale-board, the breaking weight would be 
10*5 kilogrammes per square centimetre. 
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We may mention that a change has been made in the 
moulds for mskiug the briquettes, as compared with those 
fonnerly in us& They were previously eonstracted with 
binges and screws, bat in order to make the briquettes more 
□Diform the flanges have been furnished with two p^ and a 
clip to press the halves together. The latter can he easily 
removed when the mass in the mould is sufiBciently set 
The halves can be separated from the briquette without 
difficulty, especially if the inner surfaces are previously 
slightly oiled. 

There is an important consideration which should not be 
overlooked in any of the testing machines, and that is the 
absolute necessity of applying the forces of strain in a direct 
line. The most trifling departure from this, regardless of 
the form of mould, will have a very injurious influence on 
the result of the test This error is more likely to arise in 
the case of simple beam levers, which require considerable 
depression to caose' rupture of the briquette. 
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CHAPTER XIX. 

CBMENT TESTINQ. 

It may very fairly be aaked why ahoald conflamera of 
Portland cement be obliged to resort to such trouble in 
proving this material and protecting themaetves against ita 
dangers P This duty surely, in common &imea8, belongs to 
the producer, and after being paid for the article the 
damage caused by ite imperfections should be borne by him. 
If the cement is imperfectly made, and unsuitable for the 
purpose for which it was sold and bonght, surely the party 
permitting ita circulation is alone culpable, for in more 
than one of the atages of its mano&ctare he oonld have 
challenged its quality, and so prevented its doing mischief. 

There is much diflSculty surrounding the question of 
testing, from the onavoidable irregularity and variableness 
of the different cements. It would not be simpliSed, even if 
it were possible to obtain all the cement from one manu- 
factory. Not only do the raw materials fluctuate in chemical 
and mechanical value, bat the prodacta obtained from their 
intelligent combination are eqnally nnreliable. In proceed- 
ing a step farther, we again encounter differences in value by 
the same manipnlator, and from kindred parcels of cement, 
when the resulte of the testing machine are recorded. 
Under such circumstances obstacles of an almost insur- 
mountable character require to be overcome before accuracy 
can be secnred. The realization of unimpeachable tests by 
the institution of rigid preliminary technical examination 
would be too tedious and expensive for the consumer to 
perform. 



3dbvGoOg[e 



CEUENT TESTDia. 295 

The first safegnard should be a thorougUy ctiemical 
esaminatioD by analysis of the cement after exposure for a 
reasonable time to the induence of the atmosphere. For 
the purposes of such scrutiny a standard analysis would be 
required, derived from the most tnistnorthy sources, and the 
allowed divei^Qce from which should be limited and 
prescribed within reasonable bounds. If such a prsliroinary 
challenge could be so accurately performed as to secm^ a 
perfect Portland cement, all other succeeding examinations 
would be rendered unnecessary and superflaous. Such a 
duty wonld necessarily require to be performed by one 
versed in chemical science, and obtainable from an onteide 
source, for on public works or in engineers' or architects' 
otBces such knowledge is at present but rarely found. Until, 
therefore, chemical knowledge becomes one of the necessities 
of an engineer's educaticm be must look elsewhere for that 
assistance which becomes every day more pressing and neces- 
sary. Where then are we to look for help in this difficulty ? ' 
If the manufacturer would guarantee his cement the pro- 
blem would admit of easy solution, but until this not 
improbable millennium arrives we must find through some 
specially trained assistance the needed protection. Secure 
the chemical accuracy of the cement, and your future path 
in its use will be an easy and comfortable one, for the 
succeeding treatment, after it has left the kiln, is one 
entirely mechanical in its character. Fineness of the 
powder is readily tested by the agency of a properly made 
sieve, requiring bat a small amount of intelligence for iia 
performance. Should such an ideal Paradise for the en- 
gineer and those under his authority ever be realized, the 
use of Portland cement wonld reach a point which, under 
existing circomstance^ is impossible, for all distrust would 
then be removed. 

It is only during the last few years that any serious 
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atteotion has been given by English consameis to the 
important subject of testing. The large and int^'esting 
works entrnflted to the Metropolitan Board of Works offered 
a fftvonrable opportonity to their engineers for introdncing 
Portland cement in the new drainage and other works. 
Their experience under the old Commission of Sewers had 
not afforded them the opportonity of displaying any 
advanced engineering knowledge in the construction and re- 
pairs of the common sewers over which they bad control, and, 
in fact, np to that time, Roman cement was, with but rare 
exceptions, the only cement they used. This was probably 
due to two causes, the one being doubtless the distrust 
attached to the use of Portland cement from its variable and 
uncertain quality, and the other because the engineers of 
the old Board had not then the necessary experience or tech- 
nical knowledge to warrant their adopting so suspicions a 
material. 

For many years the Portland cement manufactnrera of 
England had supplied the French and other foreign (Jovem- 
ments with large quantities of cement, and in doing so had 
to pass it through a rigid system of testing. The onerous 
conditions attached to the contracts for these snpplies 
necessitated the most careful preliminary tests before the 
shipment of the cement from England, so as to avoid 
the danger and risk of Ha rejection at the port of dis- 
chaise, which was generally a Groremment dockyard. It 
was while engaged in the supply of cement under one of 
these contracts that the author first became conscious of 
the importance of testing, and was in a position in 
1858, when first consolted by Mr. Grant, on behalf of 
himself and Mr. Bazolgette, to advise them as to its form 
and character. Hitherto the briquettes, aa directed by 
the French system, were first moulded in a solid form, 
and at a prescribed interval of time cut at the sides to 
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receive the clips, and thus eventually aabmitted to the 
tensile strain. This cutting involved a waste of time 
and money, which the author obviated by devising the press 
(as shown in Fig. 49) now generally oeed in moulding the 
briqaettes of any form, and Fm. 49. 

thereby preventingthefrftc- 
toree which, by the French 
method, during the process 
of cutting, was unavoidable, 

Eeasonable objection isr 
now made to the form of 
the existing compound test, 
and as the author is respon- 
sible for its original adoption by the Metropolitan Board of 
Works, he will avail himself of this opportunity of explain- 
ing why it was prescribed. 

During the early struggles of the Portland cement makers, 
who, it must be remembered, were entirely ignorant of the 
chemistry of their trade, it was found (long after Pasley's 
rejection of the clinhered mass from the kiln) that the 
strongest cement was obtained from the heaviest products, 
and as its manufacture was more costly, it became imper- 
ceptibly the practice to charge cement at so much per 
bosbel, according to weight. The schedules of prices 
in all the contracts for work under the Metropolitan 
Board had an item for Portland cement at so much per 
bushel of certain specified weight. Indeed, Boman cement 
was always, and is still, generally sold by the bushel, and 
that measure, as the best known one of capacity, became 
an element in the test of what is now the fashion to 
designate " the Metropolitan Board of Works Test" The 
mode again by which the bushel measure was to be filled was 
never meant to be a fanciful one, or to be surrounded with 
conditions beyond the capacity of an ordinary workman. 
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The bnahel was to be filled with a shovel from the heap, and 
it was to be a stroked, not a heaped bushel. The measure was 
not to be beaten or touched while being filled. One would 
hare thoughts measure so well known, and universally used 
in the estimatioD oi grain and other produce, would have been 
free from challenge, and possibly might, if those seeking 
for extra refinement of testing had allowed it to remain in 
its original position. Its contiuoance need no longer be 
pressed if a better and more reliable one can be foand. This 
explanation reminds ns of the laboured ingenuity of Mr. 
Bramwell in proving to the members of the Institution of 
Civil Engineers (during the cement discussion 1865-66) that 
a basbel measure of cement could be filled in sundry ways, 
and with varying and therefore unsatisfactory results. Why 
no one ever contested the point, and it was ailopted under 
the best advice then available ; and yon might as well 
have blamed Geoi^ Stephenson for adopting the ordinary 
track of carte and wagons as his gauge for railways, or his 
first-class carriage after the stage-coach model, although both 
of these adopted models might have been challenged by 
any captious critic, who could readily have contended that the 
coach track was not 4 foot 8^ inches, for the wheels of the cart 
had an oscillating play on the axles, and the carriage was 
larger and more comfortable than the coach. 

There were other reasons, however, as I have elsewhere 
fully explained, besides that of an acknowledged and uni- 
versally recorded measure of capacity, for its adoption. In 
past times, and probably still in the present, a consider- 
able amount of adulteration was practised by the addition 
of various slags of high specific gravity to the cement, such 
addition enabling the mixture to pass the weight test, which, 
in many cases, is the only one capable of application. Under 
such circumstances, a measnre of capacity test would have 
been of littlo value if it had not been succeeded by a tensile 
one, and again, even the adoption of that twofold test was 
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dangeroufl, nnlesB completed by the hydroalic one. When 
adnlteratioQ of the kind we have referred to u practised, the 
best adTaotage to the maoofaotarer is obtained by an ad- 
mixture of light or under-burnt cement, which j&equently 
in that condition contains a l&tgo percentage of free lime, 
that the water teat would assuredly detect Another 
practice is also resorted to of mixing the contents of an 
imperfectly burnt kiln with an over-burnt or highly limed 
one. 

The bushel element of the test may now, if found in- 
convenient, be eliminated, at least &om the constructive or 
consumers' point of view, although p^ ^ ^^^ ^^ 
some maDufacturers may still regard 
its retention as a measure for ascet^ 
taining the comparative costs of their 
products. Yet as a comparative aid 
in experiments and for information in 
their conduct, some test of capacity 
must stilt be retained ; but it may be of a much 
more portable character said with greater preten- 
sions to scientific or technical precision. A test 
of specifio gravity is sn^;ested by Mr. Mann to 
meet the difficnlty, and we extract from that 
gentleman's paper on the "Testing of Portland 
Cement " the following description of a gravimeter 
devised by him for that purpose. 

"It consistfi of a small glass vessel, holding, 
when filled to a mark (A, Fig, 50) on the neck, a 
given quantity of liquid, and of a glass pipette fur- 
nished with a gradnated stem and stop-cook, and 
containing, when filled to a mark (B, Fig. 51) on 
its upper extremity, a volume of liquid equal to 
that held by the first-mentioned vessel, minua the quantity 
displaced by 1000 grains of the densest snbstanoe intended 
to be examined." 
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"In using the giavinieter, the pipette is filled to the 
mark (B) with paraffin, tnrpentiDe> epiiits of •wme, or any 
other liquid which does not act on the cement, preferably 
paraffin; 1000 grains of the cement are then introduced 
into the smaller Tessel, which is placed under the pipette and 
filled to the mark (A). Before this is quite completed, the 
vessel may be corked, and the contents shaken to remove 
any small air-bobbles that may be entangled in the cement. 
The height of the column of liquid remaining in the pipette 
determines the specific gravity, which can be at once read 
off on the graduated stem. It is mamfest that the denser 
the substance operated upon, the less liquid will be displaced 
in the smaller vessels, and therefore the less will remain in 
the pipette, and vice verad. In reading the accompanying 
gravimeter, the second place of decimals is estimated. Any 
greater degree of delicacy may be obtained either by dimi- 
nishing the diameter of the stem, or by reducing the range. 

" The specific gravity of any solid substance coming within 
the range of the instrument can, of course, be taken in the 
same manner. The advantages claimed for this gravimeter 
are, that neither the density nor the temperatore of the 
liquid used need be taken into account; one weighing is 
sufficient, and all arithmetical calculations are dispensed 
with ; it is also inexpensive and requires little skill in 
manipulation. 

" In order to test the accuracy of the instrameot, a small 
piece of granite was reduced to powder, and its specific 
gravity taken by the gravimeter ; the specific gravity of an 
UQpulverized piece was then ascertained by the ordinary 
method. Similar experiments were also made by s piece of 
limestone. The results were : 

dianite / BpeciBo gravity by grftTimeter .. .. 2'62 

I Ditto, by the ordinary mothod .. .. 263 

LimeatoBo / ^P"'"" ^"'y '^ K»™noter .. .. 270 

t Ditto, by the ordiDory metbod 2'71 
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" Some of the results obtained in cotnparing the weights 
of cement of rarious manufacturers, as usually taken, with 
the actual density or specific gravity, are shown in the 
following table. 

Welghl of 1 CdHc Foot of Oemml SpKlOc 

Hd urdlDATllT obuined. GmvltT. 

75-50 .. .. 2-91 

81-50 2-RO 

83-25 2-06 

84-25 3-03 

85-00 2-83 

8500 -.. .. 2-96 

8550 3-82 

87-50 2-91 

89-00 2-96" 

The quality of the cement used in theee experiments 
must have been very light, for, taking the average of the 
nine samples, we only get 84, lbs. per cubic foot, or the 
weight per bushel (capacity being 1 ■ 28 cubic feet) lOTJ lbs., 
while the lightest, 75*50 lbs. per cubic foot, gives 96j^ Il}s., 
and the heaviest, 89 lbs, per cubic foot, gives U4 lbs. per 
bushel, low weights compared with those obtained by Dr. 
Fiureck, as described at page 252 of " London and Stettin 
Cements," the average weight being 135i^ lbs. per bushel. 

" The weight therefore, as ordinarily found, bears no relation 
to the density. Taking the whole number of experiments 
(about fifty), the specific gravity varied from 2-77 to 3 "03, 
the average being 2*91, showing that Portland cement is 
heavier than ordinary building stone. The specific gravity 
of a number of specimens of fine^fted cement gave an 
average of 2*9, that of the coarse particles of the same 
cements being 2 * 93. The density of a specimen of unground 
clinker was 2 '55; the clinker contained numerous small 
air-holes, which accounts for the specific gravity being less 
than that of ground cement. Some samples of gauged 
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cement, the age of which was three months, had an average 
density of 2-21, the extremes being 2-07, and 2-45." 

This simple and cheap instninient might be profitAbly 
adopted in such esperimente as the ascertainment of the 
weights of cements in conjunction with the other elements of 
tensile and hydratdic value. 

The air-holes referred to in the specimens of clinker are 
the unavoidable result of calcination. Such a vesicular 
appearance is common to the generality of basaltic rocks, 
except that the excess of lime in the cement secnres a 
more ready vitrifaction of the artificially prepared compound 
as well as assists in ita eventual capacity of disintegration. 

It may be observed that the basalts, as they approach in 
chemical value to the Portland cement analysis, sympathize 
also with it in its liability to atmoephuic degradation. 

Since the above quotation &om Mr. Mann's paper was 
written, the Council of the Institution of Civil Engineers 
have awarded that gentleman honours for his contribution 
to the science of Portland cement. Although hailing, with 
much satis&ction, any aid to this subject, however insig- 
nificant, we feel it necessary, in fulfilling the task we have 
undertaken, to point out any criticisms, from whatever source, 
which challenge or dispute the accuracy of those quota- 
tions obtained from outside sources. In furthemnoe, there- 
fore, of this duty, we give a translation of a recent article in 
the ' Tbonindustrie Zeitnng,' on Mr. Mann's gravimeter. 
The article is headed "On the Specific Gravity of Portland 
Cement." — "Experiments were made by us as to the specific 
gravity of different cements with a Mann's apparatus, and to 
our surprise we arrived at the results below. 

" Although the apparatus is but little applicable for accu- 
rate scientific experiment, yet it is very serviceable for 
comparative experiments which require dispatch. 

" We first took pulverized quartz and determined its specific 
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gravity by meana of distilled water. Fifty grammoB were osed 
for this experiment. Three trials gave identical results ; the 
specific gravity being 2 '59. As we thoaght that air might 
be retained by the powder, we inclined the flask containing 
the powdered sabstance covered with liquid in saoh a manner 
that any air-bnbbles rising would collect in one spot. The 
flask remained in this position for twenty-four hours without 
any air collecting, even when the flask was carefully shaken. 
The volume of the few small bubbles that appeared in one or 
two cases was so small that the error in reading off the 
results would be greater. If the cement is used in the form 
of a sandy powder, there is no fear of inaccuracy from this 
source. In estimating the specific gravity of cement, petro- 
leum was used instead of water, as the latter decomposes 
cement. The air escaped without difficulty when petroleum 
was used. The following specific gravities were obtained : 

Cement liota OnMchowltz S'OS 

„ WildKu 3-01 

Hiiiter 808 

„ Stem 3-08 

„ LUneburg 3-03 

„ Beckara 3-04 

„ OffeDboch 209 

The differences in the figures are so slight that they may 
almost be considered as identical, especially if we take into 
account that slight experimental errors are inevitable. It 
is evident that these figures afibrd no data for the valuation 
of cement. 

" We thought that slightly burnt cement, or in other words, 
an hydraulic lime of the same com position as Portland cement, 
would have a different specific gravity. 

" Dr. Heintzel had the kindness to send as lightly burnt 
Luneburg cement. It was burnt till all carbonic acid had 
been expelled ; but it was still quite porous. 
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"Two esperimeDtii, which coincided in every respect, 
showed its specific gravity to be 3 '04, the same as well-hamt 
Portland cement, 

"It follows that Portland cement acqaires its high specific 
gr&vity before it is completely bamt, before, therefore, the 
clinkering or incipient fusion has reduced it to a dense sh^- 
like prodact. We may conclude that that which we call 
Portland cement at a later stage is already produced before 
clinkering takes place. The object of burning it still more is 
only to bring the particles closer, to destroy the pores. It is 
evident that this destruction of the pores must be of the 
greatest importance as regards the action of water on the 
cement, as well as the manner of setting. The nearer the 
particles of cement are brought, the less ia the exposed 
surface, the slower and more regular, consequently, the 
deposition of the cementitious products of decomposition. 

"From the results obtained, so far as a general conclusion 
may be drawn from them, we must infer that the specific 
gravity neither indicates the quality of Portland cement, nor 
whether one and the e&me cement is lightly or heavily 
burnt. It may appear strange that cements made from 
such very different raw materials as the above, namely, 
fresh-water limestones, chalk, or compact limestone, shonld 
show no difierence in specific gravity ; but we must bear in 
mind that the ultimate composition of normal Portland 
cement only varies within very narrow limits. There is, 
therefore, no reason for any considerable variation in the 
specific gravity. If variations occur they must be attributed 
to the greater or less proportion of iron, magnesia, &c. But 
as these substances occnr in very small quantities as com- 
pared with the lime and silica, which /orm the ehte/maes of 
the cement in nearly comtani proportions, it follows that the 
variations cannot be considerable. If Mann found difier- 
euces from 2*77 to 3'03, he may have experimented on 
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BonutQ cement as well, the chemical compoeition of which 
differs materially from that of Portland cemeot." 

If these experiments should be hereafter confirmed, the 
proposed new test of specific gravity and ite instrument of 
measurement will not yet snpplant the " old " bushel gauge. 
These experiments, we have reason to believe, were made 
by expert chemista, or, at all events, by their directi(Hi, 
and there is, we fear, little likelihood of their being dis- 
puted. 

It shows only the danger and inconvenience of departing 
fix)m well-established forms of tests, and the apparatus by 
whose agency they had been performed. 

Liebig recommends as a ready means of testing the 
specific gravity of sand the following method : 

"Take a glass tube, carefuUy graduated, to denote its 
capacity in cubic inches, every cnbio inch being ^la 52 
again divided into one hundred parts. Fill this 
tube to half its capacity with water, and project 
into it a weighed amount of sand, or of the sub- 
stance under examination. The water will rise in 
the tube. The difference in the level of the water 
thus produced indicates exactly the volume of the 
sand in cubic inches and y^tiis of a cubic inch." 

Of course paraffin would have to be substituted 
for water, when the specific gravity of cement was 
to be thos ascertained. 

While on the subject of specific gravity, we 
may as well refer to the now old-fashioned in- 
strument or apparatus called " Nicholson's Fort- 
able Balance," as shown by Fig. 52. 

The body of this instrument is a hollow cylinder 
of tinned iron, of which each extremity, a and b, terminates 
in s cone. From the vertex of the upper cone a small stem 
of brass, a 0, rises perpendicularly, bearing on its upper ex- 
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tremity a small tin cap, d. From the Tertez of the lower 
cone is suspended a similar cup, e, attached to a cone <^ 
lead underneath it as a ballast. Botli the cups may be 
removed when the balance is not in nse. 

When this iustnunent is placed in a vessel of water a 
portion of the cylinder ought to swim above the surface of 
the water. The tin cup d is then to be loaded with weights 
till the instrument sinks 80 far that the snr&ce of the water 
may exactly coincide with a mark near/ on the brass stem. 
The quantity necessary ta make the instmment sink thoa 
&r may be marked on the cup, as a given quantity for 
future use. Suppose this quantity to be 600 grains, which 
may be called the lalanee v?eiffht, it will serve for taking 
the specific gravity of any substance whose absolute weight 
is not greater than that of the balance weight. 

To ascertain the specific gravity of a mineral, place H 
alone in the upper cap, and add weights till the mark on 
the stem coincides with the surface of the water; and 
suppose this to be 210 grains. Subtract tiie 210 grains 
from the balance weight of €00 grains, and the remaining 
390 grains is the absolute weight of the mineral in air. Let 
the mineral be now removed to the lower cnp; but as it 
weighs less in water than in air, the mark on the stem will 
rise a little above the surface of the water. Additional 
weights most now be placed in the upper cup till the mark 
on the stem again coincides with the surface of the water. 
Suppose this to be 80 grains, which of coarse will be the 
weight of a quantity of water eqaal in balk to the mineral. 
We now have the absolute weight of equal balks of water 
and the mineral ; then say, as 80 : 390 : : 1-000:4*875. 

In ascertaining the specific gravity of Portland cement by 
this instrument^ it would be necessary to use paraffin, or else 
enclose the cement within a waterproof envelope. Through 
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the agency of sncb an instraiiLeDt the specific gravity of any 
mineral can be readily ascertained. Of cooree in those 
snbatances which sensibly absorb mnch water it will be 
necessary to determine the amonnt of absorption by re- 
weighing in the npper cup, and add the difference thus 
ascertained to the first amount. 

Hitherto, and generally, the practice followed in the 
preparation of the l^iqnettee is to mould them in the bell- 
metal moulds, placing them in water the following day, 
where tliey continue for six days. The accuracy with which 
this apparently simple operation is performed inflaences in 
a remarkable degree the succeeding resolts, and may 
account in a great measure for the eccentricity of the teats 
obtained by Mr. Qrant, and recorded in the published 
minutes of the Institute of Ciril Engineers. Much attention 
has been directed by thoughtful engineers to the discre- 
pancies which these tables of tests indicate, and the im- 
possibility of establishing any fixed or reliable rules or 
formulie through their aid. 

In some experiments made with Portland cement from 
Hanover it was fi^nnd that the briquettes of neat cement, 
after having been in water for three months, when tested 
after being exposed to the air, exhibited the following results. 

When broken immediately on being taken out of the 
water, the rupture was effected by a strain of 43*2 kilo& per 
square centimetre. 

After I d«7 30'Oki]o«. pel aqture oent 

„ 2dsy8 17-1 

„ 4 „ SS-O 

„ 3 40-2 

„ 6 „ 40-8 

„ 7 44-4 

Should these experiments be confirmed, another new 
element of inaccuracy must be added to the already numerous 
X 2 
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dangers sorroimdiDg the testing of cement as generally 
adopted. 

In briquettes made widi 1 of the same cement to 1 of 
sand, no saoh deterioration was developed, but, on the 
contrary, they continued to improve in tenmle value on 
exposure to the air. 

The length of time and the surroonding climatal inflnence 
exert a prejndioial effect on Portland cement when ware- 
bonsed. In fredi and good Portland cement none of tbe 
analyses shonld indicate the presence of carbonic acid, and 
probably in a well-made cement it can only exist in an 
infioitesimal degree. Bnt every cement, even when free 
lime is entirely absent, attracts carbonic add on expoeore to 
the atmospbera 

Mr. D. L. Erderienger, in his experiments made srane time 
Ago, obtained the following result : 

The cement with which be experimented had an analysis 
of: 

SUioB 88-7 

Alnmiita and oxide <tf inn 90 

Lime eS'O 

Okrbouio aoid 

When this cement was exposed in a warehouse for eight 
months, in a layer of 3 centfmetree deep, it showed the follow- 
ing analysis: 

Silica 23-2 

AlDiniiia and cside of inn 8'8 

tinie GS-5 

Carbonio BCid 23 

At five months old it was : 

Sab» 23-3 

Ahiinii»Biid<aideoflnin 8-8 

Lima 68-8 

Owbonlcaoid I'8 
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The lime ia capable of acoorata eatimation by chemical 
analysis, bat the other constitaenta differ too slightly for 
reliable ascertaimnent. 

WheD cement absorbs carbonic acid, certain definite 
changes take place which, when exhibited, inflnence its 
behaviour on being mixed with water. Generally speaking, 
cement improves with limited exposure to the atmosphere, 
but too mnch carbonic acid decreases its strength. Fresh 
cement has the highest specific gravity. 

The cement used in the above experiments when fresh, 
had a specific gravity of 3*20, and after its absorption of 
1-8 per cent of carbonic acid, this was reduced to 3*00, and 
was still further reduced to 2*96 when the al^orbed carbonic 
acid amounted to 2*2 per cent. A celebrated English 
cement having a specific gravity of 3-09 when fresh, sunk 
to 2 ' 85 when stored in a room for twelve months (the layer 
of cement being about 1 decimetre) ; during that time it had 
absorbed 2 ' 1 per cent, of carbonic acid. 

Freshly burnt cement showed, in by far the greater number 
of cases, a considerable increase of temperature when mixed 
with water. In determining the temperature a tin vessel 
was used, 6 centimetres high, and 4 centimetres wide. In 
this 60 grammes of cement were stirred by means of a 
strong iron wire with 20 cubic centimetres of water, and the 
thermometer sunk to the bottom of the vesseL Care was 
taken to detormine the temperature of the sample pre- 
vious to mixing. The thermometer must be cylindrical, and 
should not have a globular end, the glass requiring to be 
strong. 

The 60 grammes cement fill when in a loose state a vessel 
of 40 cubic centimetres capacity, so that approximately * 5 
volome of water is added to 1 volume of cement. For the 
purposes of comparison the same amount of water must 
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alirays be added to the same weight of cement, as the increase 
of temperature becomes greater as the amount of water added 
decreases. In the following table the time is given at which 
in each case the maximum temperature was reached : 



toL Oment wlUi 



0-333 ™l.Wl^. 


9-0° in 25miDatM. 


130° „ 20 




18- 5= „ 25 




9- 5= „ 10 




190° „ 25 




45° „ 5 




17-0° „ )2 




120= „ 10 




12-6= „ 120 




7-4= „ 2 




130° „ 20 




13-5° „ 2fi 




11 0= „ 65 


.. 



1.— 2-5' in 70 n 
2.— 6 -O" „ 100 

- T-O" „ 105 



The amount of temperature is found to increase with the 
fineuess of the cement 

These three series of experiments — viz. Ist, the dete- 
rioration of the briquette after being taben from the water ; 
2Dd, the degradation of the cement h^ lengthened exposure ; 
3rd, the inflaence of varying quantities of water with which 
the cement is mixed — indicate Eome of the dangers snr- 
ronndiog the accurate estimation of the strength or tenacity 
of Portland cement. These are, however, within the reach 
of our control, and are therefore valuable for our guidance. 
There are enough puling incoosisteacies in the published 
results so entirely beyond our management as almost to 
excuse us in disregarding such information as the above. It 
will, however, be advisable in all our experiments to examine 
the conditions which have attracted the observation of these 
several experimenters. 

Although as a general rule the heavier the cement the 
stronger it is, and Mr. Grant's summarized table, in which 
he presses this point, ia as shown in column 1 ; Mr. Colson, 
in column 2 (converted into bushel weights), to show its 
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unreliability; Mr. Mann, in column 3, exhibiting marked 
inconsistencies. 



I. 


2. 


a 


Mr.Ormt. 


Ilr.OalniL 


Mr. Hun. 


(PublWwdinlStl.) 


(PtitiUBlKd la 1B».) 


(PabUrtBllnlsH.) 




Weight of I'll 


■saa 


BrMkIng 
Weight of 3-M 


Sifs. 


BthUdk 


106 


473 


112 


747 


102-6 


839 


107 


992 


113 


688 


108-9 


794 


108 


650 


114 


719 


105-2 


940 


109 


647 


115 


708 


106-5 


393 


110 


708 


116 


729 


107-8 


897 


in 


694 


117 


675 


109-0 


911 


112 


687 


118 


745 


110-3 


861 


13 


702 


119 


706 


111-6 


1041 


14 


700 


120 


718 


112-9 


897 


15 


705 


131 


702 


114-1 


918 


16 


768 


m 


732 






17 


718 


12S 


676 






18 


644 


124 


631 






19 


788 


125 


545 






120 


732 


126 


603 






121 


706 


127 


S58 






22 


717 








:: 


123 


674 










m 


820 










I2S 


816 










126 


657 










127 


865 










128 ' 


917 










129 


920 










180 


914 











These different results by engineer experimenters for 
practical purposes are difficult of reconciliation. Mr. Mann's 
tests are the most satisfactory, but even they fail to establish 
an accorate dependence on obtaining tensile value from the 
specific gravity element. He seems, however, to have 
obtained the best cement according to the existing standard, 
for with an average weight (taking his lOtests) of 108*4 lbs. 
per bnshel, he reached ao average breaking result of 889 lbs. 
per 2 '25 square inches. Mr. Grant with an average weight 
per bushel of 118 lbs. obtained 728 '5 lbs. tensile strength, 
OD a breaking surface of 2*25 square inches. A more 
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stnking diflerence is, howerer, ftppaient if we take Mr. Giant's 
first 10 testa and compare them with Hr. Hann'a. 

The average of the fiist 10 was llO'S Ibe. per bosbel, and 
the breakings 655- 8 Ibe. per 2 '25 square inche& To pat the 
comparison more clearly, we will take the results obtained by 
these three sets of experiments, and formulate them as nnder : 



Mr. 


^ 


^.^ 


«,><„ 


AT«r*ce 




■"ST 


3-WHcUan. 


Aniic* Annci! Bnk. 


118 


726'S 


119-e 


So 


tin. IHl 

108-4 889 



and the first 10 of* each table gives : 

110-5 I 6558 116-5 I 713-7 



After making some allowance for the improvement in the 
make of cement between the time of the first of these expe- 
riments and the last, there still remains a considerable 
margin of discrepancy for which there is mnch difiBculty in 
acconnting. By a seven days' test it is practically impossible 
to obtain from the heavier cements the full measure of their 
maximum strength. There is, however, muchsatisfaction in the 
fact that the tests in 1865 are eclipsed by those of 1875, and 
they again are put in the shade by those of 1877. The first 
experiments or tests of Mr. Grant were conducted in a 
somewhat stereotyped manner, and without chemical or other 
technical guidance, whereas those of Messrs. Colson and 
Mann appear to have been undertaken and carried out with 
a full knowledge of the subject, and with the primary object 
of clearing np the inconsistencies of the 1865 resoJta. 
Mr. Grant did not pretend that his experiments were of an 
accurate technical character, but simply of such a kind as 

* Ur. GolMn'i remlta trom the he*Tiest oement indioate that tha fnU Tahu 
had not been re*Iiied either from the effects of loo alow nUiug or onr- 
btuning. 
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were capable of being performed by ao ordinary vorkman or 
onskilled labourer. Neither Mr. Grrant nor tbe men by 
whom the tests were made preteoded to, nor did they 
really possess, any reliable technical knowledge of the sabjeot, 
bnt merely exercised such care as they considered necessary 
to ensoie that the cement reqoired in that portion of the 
drainage works over which Mr. Grant was appointed sob- 
engineer should be &ee from blemish, and not likely to 
damage the work in which it was used. The other sub- 
engineers under the Metropolitan Board of VioAa had tbe 
same tests to perform in their several divisions, but they 
did not take any steps to place them before tbe public. 
These very costly experiments were made at tbe expense 
of the metropolitan ratepayers, and the Board shoold have 
themselves published what was clearly public property. 
Instead of this, however, one of their sub-engineers was pe^ 
nutted to place these results in the "Institute of Civil 
Engineers," by whose rules tbe outside public are precluded 
from deriving any benefit except under tbe privilege of the 
Council's permission. 

The subject of testing cement, and tbe mode of its per- 
formance, is now beginning to attract more serious attention 
than formerly; and, in consequence, less dependence is 
placed in the maker's name, which in the past careless and 
ignorant times had a magic influence, especially when bla- 
zoned in a lazy or confiding architect or engineer's speci- 
fication. Tbe important interests confided to engineers 
necessitate a conscientious performance of their duty, and 
more especially in large cities and boroughs, the super- 
intending officer to whom is entmsted the execution of heavy 
poblic works, shoold feel tbe extent of this responsibility. To 
show with what interest tbe question of Portland cement and 
its usee is now regarded, we will refer to a paper read by 
Mr. Deacon, Borough Engineer of Liverpool, before the 
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LiTerpool Polytechnic Society of that town, on the 20th 
NoTember last It should be stated that when Mr. Deacon 
became engineer of that town, the nBe of Pordand cement 
waa comparatively limited, and the supply was entrusted 
to a firm in Liverpool, who were either the agents of a 
London maker, or else directly purchased from that sonrce. 
Testing cement at that time was carelessly performed, or 
entirely omitted, and Mr. Deacon, when referring to this 
point, says ; " The specification at present adopted requires a 
tensile strength of 800 lbs. per 2^" breaking surface. The 
actual strength of the cement obtained during the last year 
under this specficatioo has averaged 871 lbs., and since the 
tests were instituted, the price paid for it by the Corporation 
has been considerably decreased." Before proceeding to 
examine Mx. Deacon's propositioQ for a cheap and ready 
means of testing, we will shortly allude to his observations on 
the mann&cture of cement, showing that he is not content 
with a knowledge of the cement^ but also understands the 
processes by which it is obtained. Hia account of the 
manufacture in the paper referred to is, on the whole, pretty 
correct, and we hope he will pardon our putting him 
straight on one or two manu&ctnring points. In speaking 
of the raw material, he says : " There is always a tendency, 
moreover, to use too large a proportion of the cheaper material, 
clay ; fortunately, however, this defect is readily discovered 
by gauging a small portion, placing it in water, and then 
examining it If too much clay be present, the colour vrill 
be a warm brown, as opposed to the cold grey tint of good 
cement. Such cement sets quickly, but sever attains great 
hardness, and its strength is comparatively low." 

The too free use of clay is due to another cause, for it is 
really much the dearest of the raw materials used ; and, by 
a careless or ignorant maker, adopted to avoid the dangers 
incidental to an over-limed cement This practice, before 
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the institutioQ of testing, was almost general, and cement 
thos made coald withstand the water, aod a low tensile test, 
bnt &Ued if anything in excess of 100 lbs. per square inch 
was required from it. The colour, or rather discoloration 
(for good Portland cement is of a unifoTm grey colour), is 
not easily detected, unless when broken after the sample has 
been immersed some time in water, bnt an air sampla ex- 
hibits all tbe ioteusity of its spuriousaesB. 

In another paragraph Mr, Deacon says : 

"Portland cement clinker, after being ground, always 
contains more or less lime, which, not having combined 
chemically with the other ingredients, commences to slake 
by absorbing moisture &om the atmosphere. This slaking 
process, technically known as porgiug, must be com[deted 
before the cement ia used, or it will be greatly weakened 
and deformed by the swelling of the particles of lime. In 
order to ascert^ if any sample has been properly purged, it 
is only necessary to make up a disc of cement with the 
smallest quantity of water, thin out the edges, and place it 
in water. If on the following day there are no hair-like 
cracks round the edges, it may be taken for granted that the 
cement contains do injurious quantity of &ee lime." 

Of course a clinker of such a character as that described 
is not a Portland cement one, which theoretically should in 
its conversioD daring calcination have couTerted the carbonate 
of lime into silicatea The presence of free lime thus uncon- 
verted is now frequently due to an overnlose of carbonate of 
lime in the cement mixture to enable it to pass successfully 
the modem onerous tests. The indications of faoltiness in the 
disc might not be a[^iarent in twenty-four hoots, and yet be 
an inherent source of danger for weeks before its &ulty 
development would appear. The ascertainment by a speedy 
and simple examination, soch as Mr. Deacon suggests, is only 
of an approximate character, and should not be substituted 
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under even ttie most honied circamstances for the tensile 
oompoond ordeal, such as the Liverpool Corporation Test, the 
specificatioD of which is as follovs : 

" The cement must be of oniform quality, and capable <^ 
bearing the following tests to the satisfoctioD of the engineer : 
" let. Samples of the cement being sifted through a number 
50-gaiige wire sioTe most not leave a residue of more 
than 10 per cent 
" 2nd. Samples of pure cement will be ganged with water, 
and placed in the brass moulds nsed hj the Corpora- 
tion within twenty-four hours ; the casts thus made 
will be immersed in still water, in which they will 
remain imtil the expiration of the seven days &om 
the date of moulding, when they will be taken out of 
water, and tested to ascertain their tensile strength, 
which must not be less than 800 lbs. on the sectional 
area of 2^ square inches. 
"3rd. In ordinary, the cement will be distingnisbed as 
quick setting or alow setting. The slow-setting ce- 
ment, when ganged neat in the monlds, must not 
become firm in less than three hours. The quick- 
setting cement must assume a firm condition within 
half ao hour. The test for firmness will be that of 
resistance to the finger-nail, the test at present 
adopted in the department 
" The above tests will be applied after each delivery, and 
should the result be onsatisfoctory to the engineer, he may, 
having given notice to that effect to the contractor, within 
eleven days of delivery, require the whole of such cement to 
be removed at the contractor's expense. 

" With each delivery Uie contractor shall send a memo- 
randum of die quantity deUvered, and the name of the 
manu&oturer. « Geobqe F. Deacjon, 

" Borough and Water Engineer." 
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The sbw and quick setting distinctioD is a little puzzling. 
We pieecune, however, that both equally meet the require* 
ments of Ur. Deacon's test ; but as there is no allusion to 
their leepectlve specific graTlties we are unable to account 
for their common behaTiour, unless it is that the light 
cement is specially prepared for this mmsn&l test 

On the unavoidable difEcuIty of instituting a test of this 
quality and exactness on small works, Mr. Deacon sn^;eBtB 
what he calls a " simple mode of testing." 

" In Fig. 53 is shown an arrangement of testing, which 
any clerk of votka oan put together in a few bonis at a cost 
of a few ehillings. The block of cement, C, is to be tested 
by transverse breaking, and the specification requires that 




it shall not break with a less weight than 160 lbs. applied 
at the centre. One hundred and fifty pounds of bricks or 
materiak are placed on the board (a) ; it defleote the iron or 
wooden bar (h), but is prevented by that bar from bearing on 
the diackles hanging &om the test block until a man lowers 
the end (b). This he does very slowly, the bar unbends, and the 
test block gradually takes the load it bore. If the whole 
load is carried for a few minutes the specific strength has 
been reached. The dotted lines indicate the position of the 
bar when at rest 
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" The block C tued for this test by the author (Mr. Deaccm) 
has a eectioD of 1^ inch squaie, its length is 10 inches, and 
the snpportfi are 9^ inches apart 

" The mould may be of wood, and can be pot bother by 
any joiner, and the manner in which ibe block is released 
from the mould will he readily onderBtood from the sketch. 

" Several blocks from each lot of cement should be pre- 
pared, and when the moisture has disappeared from the 
BorCace they should be placed in water, and tested after 
sereD days. 

"In practice the following specificatiim would secure a 
cement of about the same strength as that emjdoyed by the 
author. 

Propi^ed ^peeifietUion for Tranaverae Tai. 

" Samples of pure cement shall be ganged with water, and 
pressed into a mould 10" x 1^" X 1^" The block of cement 
thus formed shall be placed in water, and after seven days 
tested by placing it on supporto 9^ inches apart, and 
gradually applying a load of 150 lbs. on its centre,* If 
more than one out of three blocks are broken within one 
minute of the application of the load, the engineer (or 
architect) shall be empowered to reject the whole of the 
cement from which the samples were taken." 

In Mr. Deacon's experience, and from his point of view, 
slowness of setting is a safe quali^ iu Portland cement, end 
he says : 

" In certain classes of works it is extremely difficult to 
place mortar or concrete in titu immediately it is mixed. 
Take, for example, the case of a carri^e-way fonndaticot 
25 feet wide. The excavated materials most be removed 
from and the concrete materials brought to the face of the 

* Hr. D«Mon Teguds the batuveiBe atnin of ISO Iba. equal to b tmu3e 
tMt or 800 lb*, to the 2} tquaie iuch. 
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work by the same route, aod if the concrete is to be imme- 
diately laid, the mixing apparatos and the men employed in 
the work most be accommodated on the narrow excavated 
ground, and most be moved back as the work proceeds." 

The great advantage which would arise if the mortar or 
concrete could be brought to the ground ready mixed must 
be apparent to all. To ascertain if this was possible without 
deteriorating the qaahty of the work, Mr. Deacon, in 1872, 
prepared twenty-four blocks of concrete of 1 cubic foot each, 
and allowed different periods to elapse, between gauging the 
material and moulding it. These blocks were tested by 
crushing, at the material testing machine in Birkenhead, 
belonging to the Mersey Dock and Harbour Board, with the 
following results : 

" BesuUa of texts aa to the rmdanee to erushing of Portland 
eemmi eonerele blocks. Each lloek 1 foot cube. Proportion 
of gravel to oemmi,jiae to one. 
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"It is unfortunate that the power of the machine was 
limited to 50 ions, and that out of twenty-four blocks eleven 
were therefore unbroken. But the result proved beyond 
doubt that, on the average, those blocks, the concrete of 
which had stood from twenty to thirty minutes before 
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being placed in the tnoulda, were actually stronger than 
those in which the concrete was immediately moulded. 
The aatbor ia only able to explain this on the assamp- 
tion, that even in this good and well-pnrged cement there 
waa some free lime which began to slake on ^e appli- 
cation of water, thos producing nameroos but invisible 
points of weakness in the blocks first moulded, while in 
those made with concise, allowed to stand' after gauging, 
the materials were not moulded until the slaking prooeas 
had oeased. 

" Sinoe the date of these tests about 100,000 yards of con- 
crete have been laid, after beiag mixed in, and carted £rom 
the nearest available yard. The rate of progress of the work 
has been greatly increased, and the results have been in all 
respects satisfactory. It is necessary to remark here that, 
although this is a valuable quality of good Portland cement, 
it would be most dangerous to take advantage of it without 
making quite certain that the cement is good and not quick 
setting." 

We would ascribe the increased value of the blocks — 
made &om the concrete kept before moulding — to another 
cause, which we beUeve to have been due to the increased 
compactness of the mass fiavoared by the partial evaporation 
of the moisture and its own weight. These two apparently 
trivial circumstances improved the density of the concrete, 
and reduced the interstitial space considerably during 
the interval If the concrete had been carelessly made 
with an excess or superfluity of water the results of these 
experiments would have been very difiereut They were 
controlled, however, by an engineer who apparently does not 
consider it injra dig. to attend to the smallest minutiie of his 
duties. Were there only a few more engineers so disposed 
we should soon cease to hear complaints about FOTtland 
cement -and its ascribed mysteries and defects. 
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The advantage of beiog able to command a simple utd 
cheap mode of testing, accordiog to the plan proposed by 
Mr. Deacon, at first Bight appears to be a step in the right 
direction, and meets the complaints of small consumers, who 
say " that the testing machine is too ezpensive, and cannot 
be used on ordinary architectural vorks, so that those so cir- 
cumstanced got only the refuse of cement which had been 
rejected by the large consamers." But only under such 
conditions would we advise its ose, and so long as another 
more precise and cheap machine of a portable character was 
not to be had. The present discussion of this important 
qaestion niU show that much advance has been made in the 
machinery of testing, and less costly machines are now 
available, besides a better knowledge of what is required 
And how the test ahonld be performed. 

For the purpose of encouraging testing and assisting 
cousamers of cement in Liverpool and its neighbourhood 
Ht. Deacon has induced the Corporation to allow their 
testing machinery to be used on the following conditions. 
He says: 

" With regard to the testing at the municipal offices, he 
wished to explain that the Corporation, at his recommenda- 
tion, had allowed these tests to be made on payment of ten 
shillings in each case, with the understanding, however, that 
the result of the test should not be stated or delivered in 
writing, though anyone interested might see the test" 

The object of preseating written certifications was to pre- 
vent dealers or makers of cement from advertising that their 
cement passed the tests of the Corporation of Liverpool. 
This practice was coce if not still fostered and encouraged 
by the engineers of the Metropolitan Board of Works, with 
the too unavoidable and reprehensible result of advertisers 
proclaiming in load voice that their cements passed the 
" Metropolitan Board of Works Test," and could produce in 
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evidence a letter from the taster, or some other oqoally 
inconsiderate public officer, as proof of their assertion. Any 
oommon-sense person wonld of coarse estimate snch a certifi- 
cate at its true valoe, and &il to be persoaded that a t«8t 
of a few pounds of cement made by a labourer in the employ 
of the Uetropolitan Board of Works would be a safeguard 
for all time in the nee of c^nent from whatever factory 
it iasQed, or nnder whichever banner or label it was 
sold. 

In the papers of Messrs. Grant and Colson there is 
oufbrtunately too prominent allusion to the makers of the 
cements, and if we were not satisfied that these gentlemen 
were actuated solely by an honest desire to forward the 
subject in a profeeeional sense only, we might feel disposed 
to think the papeis advertisiiig mediums of the makers 
therein named. Mr. Mann has wisely refrained from this 
practice, and we trust that all succeeding iuvestigators will 
follow his laudable example. 

The fineness of the cement has mnoh influence in the 
resnlting tests as well as its behaviour when mixed with 
mortar or concrete ingredients. This qnestion did not 
receive in the early period of Portland cement so mach 
attention as it does now, and indeed the mechanical bdlities 
required for its accurate performance were not then accessible. 
It has now become a matter of much importaoce, and the 
cost incnrred in the realization of an almost impalpable 
powder is rendered more oneroos from the fact of the cement 
beisg of a denser character and increased specific gravity. 
The beet values are obtained from the heavy cemeuts, and 
their fineness of texture has an important bearing on the 
tensile results. It is therefore necessary to be carefbl that 
where heavy cements are obtained, they ahonld be finely 
ground, otherwise the advantages of their most economical 
properties are not realized. 
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It ia tme that ezperiments made by Mr. Mann with a finel] 
sifted cement, capable of passing tbroagh a mesb of '0231 of 
an inch in diameter, exhibited yerj flnctnating resnlts, and did 
not reach in tensile ralae a coaraer cement, 15 per cent of 
vhich was rejected by a sieve of the same gauge. The cement 
briqaettes were broken after seven days' immersion in water, 
and sostained a tensile strain of the fine cement 378 lbs. per 
square inch, and the coarse cement 408 lbs. per square 
inch. The difference is not, however, of macli oonse- 
qaence, seeing that the cements were of different brands, 
and therefore no reliable data can be established throQgh an 
experiment of this tdnd. In another series of experiments 
the same experimenter arrived at interesting results, showing 
that the coarse cement possesses a much better capacity of 
adhering to cement than sand. Fine sifted cement and sand 
mixed in equal parts by weight, gave in twelve testoan average 
of 217 lbs. per square inch, and fine sifted cement mixed 
weight for wdght with coarse cement gave 328 lbs. per 
square inch. 8uch a result is not at all astonishing when 
we regard the &voutable lava character of the coarse cement 
and its capacity through its porosity of adhering or rather 
offering favourable oonditions for the adhesion of the fine 
cement. In such a position we should not expect to have 
other than these reeolts, but the following experiments show 
conolosively that there is no advantage in an addition of 
coarse cement for mortar. There were four qualities (meaning 
thereby their degrees of fineness tested by the sieve pre- 
vKMiBly referred to) at cement, viz. : 1st, fine; 2nd, 10 fper 
cent, of coarseness ; 3rd, 15 per cent. ; and 4th, 20 per cent., 
mixed in eqnal volumes with one quality of sand. Breaking 
strain applied after seven days' immersion in water gave the 
following breakings per square inch, on an average of eight 
auaplee. 

1. 8. 8. 4. 

Un. pn aqaue inch .. .. 807} ' US 212 820 

X 2 
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Mr. Mann says on this subject : " In many instances he 
fonnd that mortar, consistiog of 1 part of cement to 3 parts 
of sand, the cement cootaining 25 per cent, of coarse particles, 
possessed little more than one-half the tensile strength of 
mortar ganged in the same proportion wiUi fine mfted cement, 
the age of the samples being fonr weeks," 

This test of ooarsenesa is one of mach importance, and 
deriyee its greatest value from being able, when poshed tar 
enough, to detect the qnali^ of irr^;nlarly bnmt cement. 
Properly bnmt cement should consist of what is technically 
termed mild clinker, sufiBcdently vitrified to produce the 
desired weight or quality. When this is accurately pe> 
formed, the cemmt produced will, wheUier in the condition 
of fine or coarse powder, be exactly similar in chemical valae. 
It is otherwise, however, when a blended parcel of heavy 
clinker and " yellow" (light) is passed through the reducing 
machinery. In every stage of its reduction the fine light 
powder interferes with the economical reduction of the 
clinker, and in &ct interposes between the coarse and harder 
particles, lenderiiig their perfect reduction practically im- 
possible; A cement of this character wonld give the nnsatis- 
factory results obtained by Ur. Mann. 

Lieutenant Innes, K.E,, in his tables published in Mr. 
Grant's look, throws much light <ni this part of the question. 
The table is headed " Besnlts of Experiments on the Efiect of 
the Ooarse Particles (lAith of an inch and upwards in diameter) 
of Heavy Pordand Cement." 

" The same cement was used for the whole series^ being 
first all sifted and then re-mixed in the proportions shown. 
As received from the manufacturer it weighed 117 lbs. per 
bushel, and contained more than 30 per cent, which bUed 
to pass a sieve of 2600 meshes per square inch. 

" The percentages are all given by weight. 

" The ultimate chemical composition of the fine and coarse 
grains was almost identical." 

DigizedtyGOOgle 



Neat Cement in Water. 



Faned thnmgb SSOO-medi dero 
Tan per oeut njBoted by ditto 
Twenty „ „ ditto 

Thirty „ „ ditto 

POTty „ „ ditto 

Kfty „ „ ditto 

Sixty „ , ditto 

Benatj „ „ ditto 



The experimeoter obserres : 

" Had it not been expected th&t the imtxi'mnm strength 
Tonld hare been reached with a much smaller or no pro- . 
portion of coarse graina, higher proportions would have been 
tried, bnt there would have been oonsiderable dilGculty in 
ganging (be coarse cement freed, or nearly so, &om the fine, 
as it was as harsh and incoherent as so mnch graveL" 

To show the injurious inflnence of ooarseness, the same 
careful experimenter ioTestigated their different Taloee, and 
ibond that cement reoeired from the manufacturer weighing 
116 lbs. per bushel, after rejecting 20 per cent, by a 129$- 
mesh sieve weighed only 102 Ibe. per bushel, and when still 
Airther siiled thiongh a 250O-me6h sieve, rejected 30 per 
cent, the bushel, theu only weighing 99 lbs. 

On Bobmitting these three qualitJes of neat cement to 
teosQe strain after three months' interval, the fc^owiog 
iflsuHi were obtained : 

No. I— 5M lb*, per fqwra inoL 
„ 8-«7 , „ 

„ S-419 „ „ 

When mixed with 1 of sand to 1 of cement, 

Na 1—286 Iba. pei aqpm Inob. 
„ 8—824 „ 
„ 8-877 „ „ 
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and with 2 of sand to 1 of cement 



3 of sand to 1 of oemeot 

No. 1—108 lb*, pet Kjvun iMb. 
„ 2—148 „ „ 

„ S— 173 „ „ 

The same cement neat at six months 



1 of sand to 1 of cement 



2 of sand to 1 of cement 

No. 1 — S29 lbs. per aqoue inob. 



3 of sand to 1 of cement 



The cement in these Tarions qnalities exhibited at three 
and six months reenlts against the finest; bnt vhen we 
examine the breakings of tbe mixtares with sand in Tarions 
proportions, the fine orertahes the coarser, and at the end 
of three and rax months is Tery much its saperior. This 
series of experiments goes far to prove that to ascertain the 
constrnotire valne of cement yon most nse it in combination 
with sand. It is the adhesive valae we want, and its greatest 
strength in that direction is found when most &aelj ground. 

Tbe weight also of the cement, as proved by these expe- 
riments, has maoh to do with the fineness. Indeed, no com- 
pound test can be complete if the test of fineness is omitted. 
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The discrepancieB in many of the early experimenta may be 
traced to this essential ingredient having been Delected. 

Mr. Grant in naiitg clean Thames sand in the proportioo 
of 1 of cement to 3 of sand (the cement weighing 112 lbs. 
per bushel) obtained the following resolts : 

Lbk per fqnue inoh .. .. 60-2 .. .. lOS-S 
In whatever direction we examine the grinding qaestion, 
we shall find that it hu a most important beuing od tiie 
qnality, oi at least on the economy of tiie ase of the cement. 
The manniactnreTs in their oppositioQ to heavy cement and 
fine grinding, fairly enough say that it is not only the cost of 
redaction bat the extra expense of boming, which in some 
cases amoonts to a third of the whole cost of maDolacture. 
But we think it has been shown that a bushel of finely 
gromid cement weighs less than that coarsely ground, and 
in that state will accomplish higher results when mixed 
with sand. Any arbitrary tests, aach as those of the 
Metropolitan Board of Works, are capable of reasonable 
alteration if the main element in that test of tensile 
strength is sustained. The cement makers are very mnch 
to blame for the existence of the present system of 
testing. When under the aathor's advice 400 lbs. per 2^ 
square inches was adopted, and when the first specifioation 
for the main drainage was in proof, a leading maker waited 
on Mr. Bazalgette and informed him that the test was too 
oneroos and incapable of fulfilment. Au appeal to the 
writer reassured the engineer, and the test was launched with 
the result, after nineteen years' experience, of being nearly 
doubled. Mr. Grant, no doubt, has a strong belief in his 
mind that the improvement in cement during the above 
period is due entirely to his exertions. But the cause is very 
simple and can easily be explained. In 1859 the cement 
trade was in a depressed state, and mnch competition arose 
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amongst makera for snpplying the coDtractors for the coo- 
stractioD of die works of tlie nuuD drainage, and at prioes 
very mnch onder those now rnling. It is needless to parti- 
colarize the nuh made and the many tamblea experienoed 
in tke attempt to secure a prize which roally at the time waa 
not worth having, for little, if any, profit waa realized 1^ 
those who sopplied the first contracts. There was the hcmonr, 
howerer, and in the scramble for it cement was e?entnally 
supplied of mnch higher tensile value tlian was demanded. 

Sack a state of things afforded conolnsiTe proof that the 
makers of the cement were unable to oontrol the quality of 
their own products, or they never would have supplied 
cement so costly to produce at a loss, or at least with small 
profit, as tkey received nothing for the increased strength. 

There is surely a possibility of English cement makers 
combining to agree upon a common test for their own pro- 
tection without impairing the constructive value of the 
cement. The Gierman makers have so agreed, as we have 
elsewhere shown, at page 289. 

Tke existing specification of tke test as now commonly 
prescribed, is inconsistent, and the element of bosbel weight 
may be eliminated from it, or altered to meet the improved 
knowledge of tke sabject. Tensile strength is the all-im- 
portant desideratum, and while tkat and the hydraolic 
member are secured, the others can be modified so as to 
render the whole mate consistent and reasonable. 

There is still mnch ignorance, if the term may be applied, 
in regard to the process of cement setting ; and in the 
numerous practical experim^ts before us, little, if any, 
allusion is made to this all-important subject. That it is doe 
to a series of chemical reactions, the nature and quality (^ 
which depend on the preliminary processes of the manu- 
facture, is beyond question, and as they approach the point 
of excellence, so is the quality of the results obtained. 
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Indeed, from beginmiig to end, so macli depends on technical 
acoQtacy, that unless their performance is similsr, no teets 
can by possibility serre as reliable gnidea if not made 
OQ eren terms. Suppose it were conrenient, for it is not 
by any means impossible, to establish an arbitrary analysig 
80 that the chemical product placed in the hands (tf the 
experimenter would represent distinct and aooorately de- 
fined proportions and free from error, the tests in different 
hands would produce variable results. When in 1859 the 
aathor advised Mr. Grant, and put into his hands the then 
beat known form of mould, he little dreamt of the effect that 
would arise &om its inconsiderate treatment When he 
resolved to change it, the aothor showed him that none 
of the patterns he had selected would give the highest 
results, bat a wedge^baped mould of the proper form woold 
considerably exceed any of them. All argnment, however, 
Cailed to dissuade him from his ambitions design of having 
a mould of his own. He possibly was influenced in this 
resolve by the story told of the two Highlanders in their 
contest about the antiqoity of their respective clans, one 
maintaining that his remote ancestor was one of the crew of 
Noah's ark, and the other, to cap Us friend, replied that 
his clan on that voyage had a loot of theU' own. So Mr. Qrant 
went in for a mould of his own, which has tended to distorb 
all experimenters in their labours. Originally obtained from 
France, and for many years and now used by English engineers, 
the old sqaare-headed mould served the useful purpose for 
which it was intended, and although not in strictness the 
form &om which the highest breakings could be obtained, 
served all alike. At best these tests can only be comparative, 
and fine-drawn distinctions about the lines of the moulds or 
their beet configuration are only attended with neglect of the 
main question, the qnality of the cement. No form of mould 
or ingenuity of testing can make bad cement good, and tliis 
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excesmve refinemeDt in searcli of tlie ideal has a diBtnibing 
inflaence <hi the question. These ezpenBire ezperimejits 
settled nothing except that the Cooncil of the ImititDtkHi 
of Civil EngineeTB considered their tecoider worthy of 
reward and honour, with the additional pririlege, aft^^ 
wards accorded, of permiBsion to give them to the pablic 
These experiments, made with public money at the expense 
of the metropolitan ratepayers, oSmmj to he pfMtthed !t In 
the pre&ce to these minutes Mr. Grant says ; 

" The first of the following papers on cement was read 
before the Inetitntion of Ginl Eng^eers, London, in Decem- 
ber 1865 ; the second in April 1871. Both have teen oat 
of print for some time, the first for sereral years ; and as 
freqnent inquiries are being made for them, it has been con- 
udered adrisable to reprint them, the Cooncil of the Ineti- 
tntion having very kindly given their permission. 

" Nothing has occurred since these p^>er8 were read to 
invalidate the facts or make it necessary to modify the state- 
ments made by the author, who hopes that they may form a 
safe starting point for anyone who wishes to pnrsue the 
subject farther." 

The work thus introduced is not exactly a reprini, fw in 
voL 25 of the Proceedings of the Institation of Civil Engi- 
neers, at page 79, occurs the following : 

" The author desires to acknowledge the obligation he is 
under to Mr. H. Beid (the author of this book), whoee early 
education and experience as an engineer led him to appre- 
ciate the value of Portland cement for engineering worki^ 
and whose so^estions and assistance, in the first stages of this 
inquiry, were of the most important and vatuaUe character." 

We hope to be pardoned for correcting this oversight on 
bis part — we daresay the omission was an accident. 

There are two points from which the question of cement 
testing should be examined, as at each of them separate 
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interest^ equally entitled to consideratioii, exist First, 
which is perhaps the one eatiUed to primary examination, is 
that of the mannfactarers. The second, the oonsamer in all 
his many phasee and oonditions, Borroiinded in general with 
direrB ideas, flnctaating and perverse interpretations of his 
own personal dnty or what is claimed from him by his 
employers. The conflicting and apparently irreconcilable 
poeitiou of this class we hope in these pages to have assisted 
to a better reading of Portland c^nent and its advastagea 

First, then, the mannfaotorer when placing before con- 
sumers an artide which he regards as capable of meeting the 
requirements of a specified test, should fed satisfied that the 
form and c<HidittonB of the examination of the cement should 
be intelligible and inelastic in character. Also, that its per- 
formance is within the capacity of his own establishment, 
and capable of realization through his own agency or those 
ondor his sQpernsion and controL Otherwise how is it 
possible to follow the contino^Iy changing whim of the 
consomer, whose vagaries and performances we have endea- 
voured to record in these pages. The alterations of the 
original form of mould may, if uncontrolled, lead us into 
a chaos of donbt and perplexity. Is the. manniactorer 
to be expected to have a series of machines and their ex- 
pensive surroundings in his works, and if he cannot keep 
pace with the natural dewlopmmt, is he to be blamed when 
&Qure arises? The thing is almost impossible, for the 
author, although " thinking of it by day and dreaming of it 
by night," is br from a fuU and perfect knowledge of the 
eccentricities at work in the treatment of Portland cement 
We will make a short pause here, and show a very recent 
outcome of this testing mania, not with the desire of dis- 
puting its value, but simply to show that every engineer or 
architect if not ambitious about tho mould, is yet desirous of 
" paddling his own canoe." 
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The following results of tests, m aocordsnoe with specifl- 
cation for controlIiDg the qnality of cement used in important 
concrete works, show a novel treatment of the qaeetion. . 

Aa Waier Tetts, 
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The eement was obtained from flnt-clsas makera, and the 
tests vere rigidly and accorately performed daring the 
months of Janoary, Febniary, end March of this year. Their 
primary parpose, doabtless, was to giro early assarance of 
the qaality of the cement, and it may be said, therefore, and er 
considerable disadvaDtages. 

These results are, to say the least of it, somewhat pnzzling, 
for if we examine them from a specific gravity point of riew 
we find that the heaviest (129 lbs. per boshel) at thirty days 
old gave only 875 lbs., while that obtained from the lightest 
(115 lbs. per boshel) at twenty-eight days old was 892 lbs. 

With snch erratic tendencies in the field the manufacturer 
might almost despair of keeping pace with the continually 
changing demands, not only on his patience, but a perpetual 
strain on the resourceB of bis works. 

The test against the maker, under whatever circumstances 
it may be performed, should be with cement only, and no 
mauuiacturer should be bound, at all events on the existing 
system, by any mixtures of sand or gravel, or the numerons 
and &Dciful ways by which they are compounded. He 
can only control the products from his works, and the 
mortar or omcrete test is a question entirely with the con- 
sumer, and one in which he ought not to be called upon to 
participate. 

In Germany the question of testing is receiving much 
attention, as we bare shown at page 289, and an attempt has 
been made to amnge some definite mode amongst makers 
and consumers so that the vexed questions of form of mould, 
machinery, age of briquette, and mixtures should be placed 
on an established basis. Some snch arrangement is necessary 
in this country, bo as to enable all interested in this most im- 
portant subject to settle down under defined and reasonable 
conditions of guidance and controL It is now fashionable to 
become an experimenter, and to endeavour to force upon others 
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the acceptance of certain roles. The great mutate made in 
this direction arises from an otter disregard, or perhaps igno- 
rance, of the primary principles of the sobject Id the ambi- 
. fion to shine forth as successors of the Barlows, Faithaims; 
and other emioent experimenters, they forget that the material 
on which they have to operate is so changeable and oureliable 
in character as to prevent the possibility of dedocing — &om 
BDch experiments as theirs, at least — any inflexible roles for 
guidance. Probably before the chemistry of iron mulring 
was thoroughly understood, the products of the Aimace and 
forge varied as much as cement does now, but at the time f^ 
the experiments of the above-named great authorities ita 
crystallization and fibre were capable of estimation, and the 
desired quality of both was easily obtained. The natural 
materials, sach as timber and stone, oould be selected, and 
although fluctuating in quality, maintained, under the most 
rigid examination, sufScient uniformity of character to 
permit of the establishment of reliable rules by which they 
might be safely used. In order, however, to show that even 
these experiments are variable, and exhibit irr^olor results, 
we herewith take, first, from Barlow's tables, the following 
results: 

Orushinff or Cohesive Foree. 
(SIieofCiibn,liInaIi.} ^ 



Fartlkud rioue 10,28* 

Biunle; Fall stone 18,632 

Graiiito(Comiah) 14,802 

„ (PeterhoMi) 18,636 

„ (Abwdeen) 24,556 

Second, from Wilkinson's experiments on the building 
stones of Ireland : 

Tabu I. Wdght tn U* »qrirrf to 

CTuati cdbn oT i tiKh ddia. 
Limestonea, from 90 testa, aTerage .. 14,000 

Sandatonea, 83 testa, BTerage 7,790 

81(tte& bmn S6 teats, aTSiage 13.15* 

Onnites, feun 20 teats, ftTengs 6,657 

Basalla snd uetsmoiphic rocka, fnan 9 
tMl^averago H.BOO 
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Welithl In IbL nqnlred ta 
cnab GDbcfl oT 1 Indi ddflL 
LimeetoDEA, &<»ti 120 tesU, BTsrage 15,340 

Sandslotiei, fivm M teeta, Kvenge .. .. 9,353 

Basalts and melamoi-plua locka, from 16 
teeta,ansagB 21,970 

Mr. Grant mclnded in his experiments the examination of 

other materialfi, bat as he departed Jtom the usual method 

adopted by aathoritative experimenters, we cannot form a 

ready comparison, bat in Table 42, p. 43, of the palidisbed 

nunntes, we find with samples of Tarioos sor&ces and 1^ inch 

thick the following resulta : 

Per iq. Inch. 

lIlL 

Gnnite. on 1) inch sorfiioe T,86S 

„ on9 „ 9,488 

York stone, on 41 inch nuboe 6,376 

on 9 „ 10,085 

Portland rtoae. on 4) inoh Btu&oe .. .. .. 2,S82 

„ on 9 „ 4,589 

Bmmlej Fall ditto, on 41 inch BDifue .. .. 2,434 

„ . on 9 „ .... 4,589 

These resolts admit of no comparison with those obtained 
through BQcb agencies aa Barlow and Wilkinson, the latter, 
probably, the most ezhausti?e and accnrately condncted 
series of experimcDts ever pnblished, not only as regards the 
cohesiTe strength of the materials, bat from the information 
as to their density and mineralogical characteristics ; the 
locality &om which each specimen was obtained, its capacity 
of resistance to mpture, in addition to its cohesive value, 
being accurately recorded. To show with what care and 
precistoD these experiments were condncted, we should state 
that each of the specimens was subjected to a probationary 
preparation, by being placed in a room of the temperature of 
a domestic apartment for several weeks, before being sub- 
mitted to the test 

When the period arrives for making reliable experiments 
on Portland cement they will have to be coodacted in a 
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mnch more carefal manner than thoBO experiments with which 
we hare been favoured. It is all very well, and donbtless 
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uutraotive, to hare tests recorded of sQch a character as 
those performed through the agency of . Messrs. Grant, 
Colson, and Haim, bnt generally speaking they are deToid 
<^ the required technical precision, and, especially in those 
of Mr. Grant, from their promiscoons character. They fail 
to instroct &om the jnmhling of facts withoat any concise or 
nsefal dedoctiona being drawn or rules given to guide from 
their experiences. What can be more bewildering, for instance, 
tiian Mr. Grant's Table 19 ? which, for more facile reference, 
we have conyertod into a diagram, as shown in Fig. 54. 

The bold line represents the behayiour of neat Portland 
cement daring twelve montha while immersed in water; 
the thinner line indicating the conduct of neat cement 
in the atmosphere of the tasting room ; the fine line 
similarly expressing the vi^ne of neat cement in the open 
air. In the first case is exhibited an improvement daring 
twelve months of 280 lbs. on the 2)- sqoare inches. Thia 
maximnm was reached in a very erratic manner, and if an 
estimation had been recorded at the end of eight months 
only 120 lbs. would have been realized. In the testing- 
room experiments we find a total increase in twelve months 
of 260 lb&, and at the end of three months only 50 Ibe. 
increased valne, while daring its period of maturing mnch 
eccentricity of valae is apparent. The open-air line, again, 
in the year gives an improved valne of only 80 lbs., while at 
seven months it reai^ed 270 lbs. From ench flootnating 
results it is impossible to bnild op any reliable mles as to 
valne, for this table at least demonstrates either that the 
workman entrusted to moke tbe test performed bia task 
carelessly and ignorantly, or the cement operated apcm was 
of varied character and quality. 

Again in table shown by Fig. 65 we give a di^;nun t^ ten 
years' tests, prepared from a pamphlet published by Dr. 
Michaelis, of Berlin, who doubtless obtained from Mr. Grant 
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the result of the eighth, ninth, and tenth years' breakings. 

The eighth year indicates a great falling ofT in Take, which 

Pio. 55, • 
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the ninth and tenth yean fiul to recover. It ia to be hoped 
that no more of theee records of qaestionable ralne will be 
pabtished, for their misleading and oncertain character 
baa already created too miich gcepticism on the possibility 
of cemrait improving in valne. 

Before proceeding &rtber on this important branch of oor 
Bobject, we will ccouider the inflaence Tariable quantities of 
water has on the resulting breakings. This question in the 
time to oome will form a mach stronger elemeut in testing 
than it now ocoapies. In the use of cement, especially for 
the prodaotion of concrete blocks, the amount of moiHtnie 
ap{4ied to the mixtore exerts a marked influence on the 
resulting compound. At page 368 will be found ample 
evidence on this point in the case of Backwell's granitic 
breccia stone. In the discussions which followed the reading 
of Mr. Grant's paper at the Institution of Civil Engineers, 
some valuable remarks were made on the subject of Portland 
cement and its applicatitm, by some of the most eminent 
members of the profession ; and out of the 172 pages of 
those minutes, 80 pages conmst of the verbatim reports of 
those gentlemen's experience and opinions. The first and 
most eminent of the English engineers regarded the subject 
of BO much importance as to induce them to give some 
particulars of their experience in almost every part of the 
civilized world. The works entrusted to them in the shape 
of harbours, docks, &o., were more important than those 
executed under the Metropolitan Board of Works, indicating 
an ^preciation of the merits of Portland cement and its 
mach bolder application contrasting strongly with the limited 
use made of it by the engineers of that Board. In these 
discussions the influence of the water used in the concrete 
uid mortar was not overlooked, and we cannot better show 
its fluctuating and injurious effects than by a reference to 
Mr. Mann's experiments in that direction. 
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Id the preparation of tlie briqaettes he departed from the 
Dsual mode of filling the moulds, and by tiaa alteratiim 
enhanced their breaking value. The experiments were limited 
to seven days' test and nine were made with 6*6 and 8 os. 
reapectiTely of water to 32 oz. of cement. The average of 
these nine tests were for the first 412 lbs. per square inch, for 
the second 440 Ibe. per square inch, and for the third 814 Ibei 
per square ioch. In other proportions of water, viz. 7 ' 9 and 
10 oz. respectively to S2 oz. cement, the resulting tests were 
for the first 367 lbs. per square inch, tlie second 214 lbs. per 
square inch, and the third 182 lbs. per square inch ; these 
latter were on an average of six tests. Mr. Hann expresees 
some doubt as to the continnanoe of this degradation, and it 
is to be regretted that he did not prosecute the inquiry a 
little farther. The weight of the cement is not given. Hr. 
Colson's experiments assist rm here, and show that the de- 
terioration was ccmtinnons, and briquettes of six months' age 
indicated a somewhat lower valoe than those at tiiree months. 
In the following table from Mr. Colson's paper is shown the 
result of his experiments in this direction. 



I Water to 8 Cement . 
I Water to 2} Cement . 
1 Water to 2 Cement . 



All these briquettes were kept in water till tested. The 
remarks describing this table are as follow : — " Shows the 
tensile strain, at seven days, three months, and six months, 
of three samples from the same cargo, but mixed with 
different proportions of water; the average of seven testa 
being given in each case. The results at six months are not 
so high as might be expected, the two last in fact showing 
somewhat less strains than those recorded at three months. 
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This may perhaps be aoconsted for from the fact that these 
testa were made dming severe frost" 

The most reasonable way to accoant for the decreased 
Talae obtained where an excess of water has been osed in 
mixing np the cement, is from the fact that the solnble 
silicates hare been washed from the mass, and onder the 
best and most careful beatmeut cannot again resume their 
normal position, even if they cotild be recovered. It is 
this sensitiveness of the most valuable ingredient in Port- 
land cement that leads to so much loss in submarine 
operations, where the objectionable practice is adopted of 
placing newly made concrete in position under water. If 
the concrete after being mixed is allowed to dry, or partially 
proceed in its initial stage of setting, there is less danger of 
the cement being acted on prejudicially by the mechanical 
and solvent action of the water. By sach treatment many 
important works in harbours and docks have been successfully 
oonetrooted. A. quick-setting cement, however, would be 
nnsoitabte for such an application or use of concrete. 

As in the various references we have made to the resolts 
obtained by different experimentora oa the character of Port- 
land cement and its various mortar compounds, mnch 
diversity of value is exhibited, we purpose ofTering such 
remarks as we hope may if not reconcile them to each 
other, at least aid in their explanation. To guide us in 
this object, we will carefully examine the poiuts which 
primarily indicate the quality of Portland cement, taking 
the kiln products as our starting point. 

Firsts then, on a careful examination we should find the 
clinker to be, when of the tme quality, a dark greenish mass, 
thoroughly homogeneous in character and slightly vitrified. 
When drawn &om the kiln hurriedly, a tendency to dust 
is frequently exhibited, and if but slight, no danger is to 
be apprehended. If, however, this is excessive, you may 
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be sore that too mnoh clay has been used or imperfectly 
mixed raw materiab pennitted. Sach a produd; may b^ 
and freqnently is, of high specific grarity, and when con- 
verted into powder, in all probability passes Qia varions 
ingredients of the triple test The powder is brownish, and 
feels soft to the tonch, readung its wmifiiiniTn str^igth at 
an early stage, failing to improve in valne either as a mortar 
or powder; in fact, the latter becomes on lengthened expo- 
sare quite worthleea It was this quality of oement that, 
before the institotion of rigid testing, caused so mnch trouble 
and distrust The cost of fuel required in ite mannfactoie 
is compatatively low, while ila conversioo into powder is an 
easy and ioexpensive operation, becaose in some extreme 
cases the action of the air has already reduced a large 
portion of the clinker to powder, or rather dust This kind 
of clinker is tenned by some workmen " sUppy," meaning 
by the phrase, that it could not hold together. It is doe to 
an imperfect chemical action caused by inaocorate proportions 
imperfectly ground, resulting in qpontaneons disintegration, 
owing to the physical tension when oooliog overcoming the 
psendo-chemical combination. Such a quality of clinker is 
no longer tolerated, and this ailuaion to it is made for the 
purpose of removing distrust from the minds of beginners, 
who too readily condemn materials when such a quality ia 
prodnced. This result may be brought about by the use of 
diverse materials under any system of manufacture. 

Cement of this character, if put into casks or sacks soon 
after being burnt, would (more especially if imperfectly 
ground) swell, and ultimately burst the packages. Great, 
indeed ezcessive, fineness can be reached through this 
quality of cement, and when a very fine powder of this kind 
is offered, and passes with ease the sieve examination, cai^ 
fully wateh its behaviour in the other elements of the test 

Second. — A clinker of great and almost meteUic hardness. 
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with a black glossy lustre, is the result prodaced by an excess 
of carbonate of lime, caused by a wasteful application of faeL 
The cost of grinding this quality of clinker is a Ugh one, 
and the resulting powder under the best treatment is harsh 
and gritty in character, its colonr being of a rather deep 
bluish grey. These external characteristics are iuTariably 
accompanied by a tendency of the powder to fly or blow. 
The cause usually assigned for tiiis dangerous development 
is the hydration of the uooombined lime in excess in the 
raw mixture exerting a mechanicsl force and displacing the 
molecules or atoms, thereby prcTenting their re-arrangement 
when hydrated. These are usually the coDsequences of an 
over-dosed lime mixture, but this sometimes also arises from 
imperfect comminution of the carbonate of lime. In the 
former case the cement may, by careful and sometimes 
lengthened exposure to atmospheric influence, be purged, as 
it is sometimes termed, and become in a fit condition to be 
used ; but when the latter conditions occur no treatment 
will render it safe, and the best plan is to reject it utteriy. 
In each of these cases the cement will not pass the water 
test, and when submitted to this ordeal, its defects are more 
speedily developed than when exposed to the air only. 
This quality of cement is usually long in setting when burnt 
to a heavy clinker, but if light, its behaviour when mixed 
with water resembles in character that of the lias limes. 
It develops in this state conmderable increase of temperature 
when setting, and soon afterwards crumbles to pieces. 

Third. — ^The true normal clinker exhibits when drawn 
from the kilo, a rongh lava-like textnre, having a coloor 
tinged with a green or bronze glitter when exposed to the 
clear light. There is a small amount of dust accompanying 
this quality, more especially when burnt in a high tempera- 
ture. The practical burner usually examines the clinker of 
a newly burut kiln, and if on blowing on a piece of it dust is 
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doreloped, he regards it aa well and psoperiy bnntL I^ on 
the other hand, the dinker is deoae and Uack in otdovr, as 
in Na 2, and no dnst nnder the aame tzeatment is foctboom- 
ing, be speedilj asoatains its chanwitet by pounding a small 
portion of it in a mortar, which after being gifted is sab- 
mitted to the water teat The powder obtained from the beet 
qnality of clinker is light grey, having a slight metallic tinge 
<tf eolaar, and even nhea finely gronud has a moderate 
roDghish feel to the famch. A cemrait of this character 
might be safely osed bom the miUstonee, althoo^ keeping 
and exposure to the air render it mote mellow and huno- 
geneoiuL 

Theoretically we shoold not haTC any ptodoct from the 
kiln except dinker, but practically we find that in the beefc- 
condncted dome kilns there is almost invariably a conmdw- 
able percoitage of imperfectly bomt material prodoced. 
This ifl dee, as in onr description of the bnming opetstion 
we have endeavonred to explain, to the eccentric conduct of 
the kiln. The accnrate quantity of fiiel may have been 
applied, bat its imperfect or irr^nlar combostion produced 
too highly bomt clinker, accompanied with nnhamt pint 
and light ydhte. This is the sort of kiln prodnoe which 
puzzles and embarrasses the cement maker and tempts him 
too frequently, sometimes against his own judgment, to 
blend the mass together, and thus combined place it upon 
the market. A mild clinker is the only cure for this un- 
toward state of things, but that deaideratom is not attainaUe 
at pleastue under the beet-controUed treatment of the 
ordinary kiln, for there are too many adverse ciroumstancee 
preventing its perfect consummation. 

We have described the leading characteristics of three 
qualities of clinker, from which vre may draw the following 
conclusions : 

First — The dinker of a brown cdour, dusting freely, from 
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which ia prodnoed a brawnish and soft powder, indicates an 
aboonnal cement, if not of a dangerous character, at least 
&tilt7 and weak in indurating capacity. 

Second. — The clinker of great density and blackish in 
coloor, aiuuxMHnpanied by dnst, and producing a blnish^rey 
powder, harsh in texture, dangerous in character, and unfit 
for ose, until after being carefully matured by exposure. 

Third. — A true clinker of a greenish ting^ from which a 
light^^rey powder is obtained, capable of being used at onoe. 

Even at this stage we may institate a ooloor challenge of 
the cement, which is subsequently further strengthened when 
the powder ia made into sample pats or briquettes. The 
first quality producing a dingy brown, the second a bluish 
tint, and the third a fine light grey, resembling when in its 
highest purity the coloor of the best qualitiee of Portland 
stone. Ko exposure to the air will change or alter these 
characteristics, but on the contrary, when used for mortar at 
concrete with any kind or quality of aggregates, they exert 
their distinctive features under all clrcmustancea. 

We will follow these three varietiea of products to the 
works in which they may be oaed, and endeaTOnr'to show 
what teenlts are developed &om their several peouliarities. 

First — ^Tbe o^nent of a brown colour and over-clayed 
dutracter ezhibito, when used in mortar or concrete, a 
tendency, at intervals more or lees protracted, to disintegrate, 
not expansively, bnt apparently from a shrinkage or con- 
traction, indicating that an imperfect crystallization has 
resulted from a carelessly combined cement. This result is 
generally mismiderstood, and its cause regarded as expansive, 
notwithstanding the clearly marked distinction between this 
and over-limed cement. Each has its own peculiar lines of 
marking, and cannot fail to be distinguished if carefully 
examined ; the one, as in the cose of the hvwn cement, 
almoBt aocoratety mapped into innumetahle lines inter- 
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sectiiig and crossng eacli other at all angles. This kind of 
degradation ia gradual and extends £roin &e enr&ce down- 
wards nntil all coliesirai ceases. The maas at last becomea 
polTeraleot, and toAy be Uown away. In some cases, where 
an orer-limed cement is hi^^jr bonit, there are snperficiai 
indicationa similar in character to those we have described, 
the difference, however, being that tiie oolonr ig dark or 
bloisl) grey, and the cracks penetrating through a thin skin 
only, and by expoenre of the cement to the air, this tendency 
to crack nltimately disappears. 

Second. — The over-limed cement, resnltlDg in a daik: 
blackiBh clinker, producing a cocose grit^ powder, when 
used with sand or gravel very soon gives evidence of its 
dangeroos and nncontrollable character. It will not stand 
the water test, and when introduced into work will after a 
few days become cracked and hhwn. That is the distinction 
between the effect produced by the brown cement and this. 
The cracks are irregnlar, and proceed from various points, 
radiating therefrom in all directions. Considerable increase 
of temperature and volume arises, the effect being prodnced 
from an internal sonrce of mechanical disturbance, owing 
ondoabtedly to the existence of free lime becoming hydrated, 
which in swelling disarranges the imperfect cohesion of the 
mass. The danger of the disintegration of No. 1 is of a 
passive dioracter, bnt the effect caused by the use of No. 2 
is of a most active nature and enrroonded with the greatest 
difficulties. 

Third, or true Portland cement, under whatever circum- 
stances, muntains its normal form and continues to indurate 
in a wet or dry position until eventually a perfect crystalliza- 
tion is reached. 

Here then are three iUustrations of different qualities of 
Portland cement which may be produced in the same 
manufactory and from every variety of raw materials. 
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We sball endeavoar to explain what, in our view of the 
matter, is the cause of the behaviour of the two faulty 
cements, and if this reading of the difficulty should prove on 
further investigation correct, it may asaiBt in solving the 
difficult problem of cement setting. 

Perfect crystals slightly expand on crystallizatiou, and 
imperfect ones shrink ; that is to say, hodies in the mass 
when crystallizing increase in bulk, and if imperfectly 
crystallized shrink or contract. Indeed, in the case of some 
metals, as oast iron and certain aUoys, snch as type metal, 
much of their value is due to their capacity of expansicoi 
when cooled. 

The whole process of cement making, from the original 
mixture of the raw materials to the clinker, is primarily 
intended to {m>dnc6 a lava-like mass which, when redaced to 
powder, possesses the property of re-arrangement <m the 
application of the neceasary moisture ; in fact, assumes the 
capacity of crystallization, and, althoogh but slowly, nlti- 
mately attains great hardness. Those bodies however, 
which accomplish their induration in the longest time 
become eventually the hardest. 

From these fixed and onchanging laws we may fairly 
deduce ib&t Portland cement partaking of the character of a 
crystallized mass is subject to their government and control. 
Hence we find in tb.e case of a perfect cement the expansion 
incidental to its condition exerts a binding influence on the 
materials with which it may be associated, and according to 
their quality and fitness wiU be tlie result produced either 
in a strongly compacted mortar or concrete. The mechaniccJ 
force of the cement exert«d during crystallizatioD penetrates 
into every void space or pore and keeps each particle of sand 
together in firm embrace in proportion to the nature and 
extent of its energy. Light cement and brown cement will 
also, and generally with greater initial energy than the 
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tme normal cement, accompluli the process of concietioD in a 
mach shorter time, and apparently with greater snccess. It 
fails, hoffever, to maintain its hnrriedly acquired position, 
and owing to the imperfect nature of its crystals shrinks and 
in its degradation drags with it the ^^regat«8 with which 
it was in combination. 

It is generally fonnd that cement mortar joints exhibit, 
when an attempt is made to separate them, a tendency to 
resist &actnre, and when good cement has been nsed, the 
materials which it bad joined Iveaks ontaide the line oi 
mortar. An examination of a joint of this character exhibits 
the most intimate connection between the binding agent and 
the brick or stone, so mnch so, that when these materials are 
porons, there is some difficulty in detecting the exact line (tf 
contact between them. A piece of surface plastering with 
cement mortar does not display an equal amoont of 
energetic adhesion, but is more readOy detached from the 
wall, and on comparison with the mortar joint is found to be 
less compactly crystallized and deficient in indurating Talne. 
These two resnlts are influenced in some degree by the 
snrronndinga of their position, for the joint has the advantage 
of the superincumbent weight, rendering it thereby more dense 
and compact, helping it also to resist the mechanical force of 
the crystallization of the cement, and thereby intensify its 
compacting influence on the sand with which it is combined. 
The plaster morUr baa no such adventitious assistance, and 
the valne of its junction with the wall is limited to the 
adhesive action of the cement, while the mechanical influence 
of the crystallization is dissipated by the absence of the 
necessary resistance to its natural development. 

The silicazation theory of a cement mortar being benefited 
by a chemical influence from its associated sand or gravel is 
no longer tenable, neither can we pat mnch if any value 
on the recarbonating process of the atmosphere. The 
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former q&eetion was finally, in our opiniim, set at rest by 
tiiB accurate investigatioiis and analyses of Mr. Spills', folly 
described in the anttoi's book on concrete (2nd edition) 
page 56. The air action has long been a favonrite mode of 
explaining the hardening of old mortar, and, to a very 
limited exteot, no doabt, inflnenoes that operation when the 
conditions for its perfect performance are forthcoming. We 
must, however, look elsewhere for the reenlts BO speedily and 
perfectly attained in the case of Portland cement, and hope 
that oar obaerratioDB may oltimately assist in the correct 
reading of this hitherto imezplained riddle. 
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CHAPTER XX. 

CABELESB USB 07 CEHEHT. 

Thbbe is DOBe of the material osed in bailding which re- 
quires a more accnrats knowledge of its properties than 
Portland cement. Kevertheless, itg peculiarities, and indeed 
its very chemical and physical characteristics, receire but 
slight attention. During the early period of its intro- 
duction, and when but little heed was given to ita quality, 
no great damage arose, owing to the limited area of its 
application. 

It ia, however, different in the present time, when the 
great impetns given to its use by the application of concrete 
for building purposes renders an accurate knowledge of ita 
properties more imperative. It is unsafe for the builder to 
repose too confidingly in the name by which it is sold, or the 
merits which its purveyor represents it to poeseBS. Let 
those who use it exercise the simplest precautions, trusting 
alone to their own judgment, and not, as is too frequently 
the case, feel satisfied with the imaginary security of the 
name impressed on the casks or sacks, unless covered by 
some reasonable guarantee. 

The necessary knowledge to ensure the application in a 
general way for the exercise of the required safeguards is 
not difficult of attainment, and any ordinarily intelligent 
workman might readily be instructed in the mode of per- 
forming the required tests. Builders have usually a &ir 
discriminating sense of the value of bricks, stones, timber, 
iron, and other less important materials with which they 
operate. The amatl additional trouble to acquire an equally 
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senrible appreciation of cementa would be well repaid hj the 
confldescd — in dealing with a material 00 imperiectl; under- 
stood— which snoh knowledge would impart If proper 
discernment was exercised we shoold hear lees of the dis- 
content and anxiety about oementa and their behaTiour 
onder various conditions. When the bnUder is free to 
exercise his jadgmeot and unfettered by the sometimes 
ridicnlona specifications of the architect or engineer, there 
can be no excnee for his neglect of duty in satisfying him- 
self of the quality of that for which in his contract he is 
primarily responsible. The many serious blundere and 
eraaions resulting from the pemiciona habit of controlling 
the selection of materials, and dictating from whom they 
are to be obtained — often in utter ignorance of and regard- 
less of their qnality — is too notorious. In some measure 
— indeed we may say in a great measure — this practice 
is gradually increasing the recklessness of builders and 
contractors, placing them at the mercy of the specified 
makers, who may impose anch prices as satisfy their greed, 
leaving the consumer to obtain by evasion the profit other- 
wise unattamable. 

Let the contractor who nndertshes a duty perform it ic an 
honourable way, untrammelled by unreasonable restrictions 
of any kind. If an eligible conductor of an undertaking 
can be entrosted with ita execution — and such eligibility 
shoidd be the only test — give him full scope for exercising 
his practical experience and let him be charged with the 
due responsibility of his task. 

It is not intended to insist upon the infallibility of 
ordinary tests for challenging the quality of cement — for with 
the utmost care failoree arise — but only in a modified d^ree. 

Id extensive engineering works, where large quantities of 
cement are consumed, proper safeguards are of necessity 
provided against the possibility of cement ctf a dangerous 
character being used. In the prosecution of snch work, the 
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danger of using bad cement may be regarded ae bat alight. 
It is in the lesa important operations of honse building tbat 
the dangerous nse of cement is mqre to be apprehended, from 
the imposaibility of institating the^ required precautions fix- 
safety. The comparatively modem fashion of erecting by 
frames and machines m<molitluc concrete structures, increasea 
the danger, from the hurried and often careless way in which 
this kind of work is porsaed. Mach evil notoriety is tbos 
attached to this kind of work, and consequently ForUand 
cement receiree the largest share of blame, as it is convenient, 
when blunders have been made, to catch readily at the first 
excuse which offers. Therefore cement Mis in for its du^ 
and unfortunately experience clearly shows that there ia 
much cause For blame on the part of some cement maoa- 
&ctnrers. We purpose showing in this chapter the evil 
effects which have arisen &om a too confiding reliance on a 
Portland cement of inferior character. This is one of many 
cases which have come under the author's observation, and 
it is selected as a favourable illosttation of the dangers to 
which contractors are exposed when they neglect ordinary 
[oecautionary tests. 

The accompanying woodcut. Fig. 56, represents tiie con- 
dition of a gronp of concrete cottages, which tumbled to 
pieces suddenly and without warning of any kind. 

The builder, of considerable experience in this kind of work^ 
purchased the cement direct from the manufacturer, and the 
labour of building was carefully performed by competent 
workmen. Fortunately the accident occurred after the men 
had left wo^ and so no loss of life took place. There were 
no circumstances of an exceptional character, such as heavy 
rainfall or frost, to cause the disaster, and indeed the 
builder possessed too much knowledge of his busiuees to 
look for the cause elsewhere than at its true source. An 
examination of the cement at once convinced him tbat 
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the fimh lay there, and lie immedUtely asked the mann- 
fitctnrer of the cement to compensate him for his low. The 
claim waa resisted, and erentnally it resulted in an action at 
law for the recoTery of the amonnt claimed. The aatfaor, in 
his capacity of an expert in soch matters, was ashed to give 
evidence at the trial, which required him to institnte ex- 
amination and analyBis of the sample of cement sent fw his 



The preliminary examination showed that the sample 
differed from a so&nd Portland cement, in containing a 
lai^ amonnt of carbonic acid and imparities ; tho latter to 
the extent of 14 per cent, 3 per c^it. of which was uncoD- 
gnmed coke. The remainder, on being subjected to micro- 
scopic obserratioQ, exhibited the appearance of calcined 
shale or slate. The cement, when sabmitted to the ordinary 
mechanical tensile test, broke at about 100 lbs. per square 

inch. 

Abaltru or IKE ODmrr, bt W. F. Bed. 

Wat. DrM. 

Lime MSS 48-98 

MagDOia 1-44 204 

BUagaiMK 0-73 1-03 

AIomiiwMklozidocf inin .. .. 11*26 15-96 

Alkalies 1-93 2-73 

EUUm .. 20-63 29-24 

Water 15-05 

Cartnnia aeld 11-19 

a^ 3-21 

It will be seen, by a comparison with a good arerage 
Portland oement of the following analysis, where the weak 
and dangerous points of this faulty cement lay. The cement, 
in addition to its more dangerons ingredients, was imperfectly 

groond. 

AsALTtia or a oood Pobii.uid Cmare, 

Lime 60-05 

H««iie»ta 1-17 

Aliimiiut 10-81 

Silioa 24-Sl 
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There is indicated between the two analyaee a difference 
in lime of 10*20 per cent., and in the day of 12*27 per 
cent., the former being deficient and the latter in excess. 

The above omiparison shows that the sample of sporioua 
cement had a lai^ excess of a]^;illaceoas matter, which was 
practically increased by the deficiency of lime. Had this 
argillaceooB matter been in a state of chemical combina- 
tion, as in the tnie Portland cement, the sample examined 
conld never have set at all ; ita not having been so combined 
can only be ascribed to two causes; the one imperfect 
or incomplete calcination ; and the other, a sabseqneut 
mechanical admixtnre of bnmt shale. We are bound, 
however, to ascribe the cause to the former, owing to the 
existence of carbonic acid and nnconsumed coke. 

In the manalaotnre of this Ctdse product^ some argilla- 
ceous substance other than clay had been emjdoyed ; the 
schistose or laminar structure of that substance, as well as 
its chemical composition, lead to the supposition that it 
was either shale or some allied form of arg^Ilaceons 
schist. 

It should be stated that the work was executed in the 
early part of the year, and this doubtless influenced to some 
extent the resulting catastrophe. No precaution, however, 
conld have secured a satisfactory result with such a qoality 
of cement, for sooner or later its inherent defects would 
have been developed, and it is a sobject of congratulation 
that the cott^es were not finished and occupied. 

In the end, the' action at law was compromised on the eve 
of trial by the manufacturer of the cement paying the 
builder a snm he consented to take in settlement of his 
claim. An investigation would have exposed the quality of 
the cement, and have damaged the reputation of the maker. 
The builder may not be regarded as quite blameless, 
although he reposed confidence in the quality and the 
2 A 2 
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vendor ftom haTing osed it frequently before for dmilar and 
other porpoees. 

Probably the price which vaa paid in this case, s com- 
paratively low (me, bad some influence in its selection. A 
very superfldal examination, goided by the necessary intelli- 
gence, wonld have sufficed to ^ow the faoltinesB of this 
cement. Its colour was a dirty or lm)wnish yellow, rongh 
in texture, and exhibiting to the naked eye black and white 
specks; the former from the nnconsumed coke, and the 
latter from carbonate of lime. These characteristics do not 
belong to a true Portland cement, which is uniform in texture 
and of a deep grey colour tinged with green. Failing the 
exercise of these simple precautious, it would only have been 
necessary to make up a small sample pat, in a plastic state, 
when the feeble energy of ite setting properties would have 
been apparent, or ite immersion in water at once proved its 
deficiency in hydraulic capacity. 

In all probability the maker was ignorant of the imlty 
character of the cement, and supplied his customer in good 
faith, trusting perhaps to its being challenged, if bed, at 
the point of consumption. It is to be hoped that such blind 
confidence in each other as here displayed, is not of fre- 
quent occurrence, for the neglect of duty on both sides 
might have been attended with serious consequences. 

When accidents or blunders such as that described 
occur, it is natural to suppose that all the parties concerned 
will studiously avoid publicity, which would seriously affect 
titeir reputations as builders and cement makers. There 
are, however, cases notwithstanding the utmost attempts at 
secrecy, which reach the columns of the public press, and it 
is then somewhat amusing to observe the amount of know- 
ledge " after the event " which becomes developed and then 
dedicated to the interests of the public safe^. These 
ventilations, as they may be called, exhibit in their dis- 
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cossioD marrelloas discrimioating powers Id the detection 
of the spDriona articla One correapondent of the ' Builder ' 
says that he is competent to judge of the quality of Portland 
cement hy the tonch or finger manipulation thereof. Such 
prescience is, in the opinion of the writer, more likely to 
encourage than prevent the sale and use of improper 
cement 

In thas lengthily commenting on the case of misfortune 
so prominently and reliably brought before ns, we would 
earnestly remind all builders and other users of Portland 
cement, that the beet guard against the chance of accident 
is the exercise of a very small amount of ordinary care 
on their part. Accidents are not all caused by bad cement, 
but many are also due to its ignorant and careless treat- 
ment — ordinarily to cardessness, but sometimes also from a 
too free admixture of improper sand or gravel. 

The general increase of cement structures has led to a 
much better knowledge of cement and its properties on the 
part of the workman, and he no longer blunders in the 
dark aa to the quality of the material which plays so 
prominent a part in modern buildings. It will be of the 
highest importance to all concerned in building opera- 
tions, when the men who guide the manipulation of the 
materials become truly sensible of the importance of their 
vocation, and the necessity for technical intelligence in those 
by whom it should be guided. 

The illustration with which we have so opportunely 
assisted the discussion of this division of our argument 
should be regarded in the light of a beacon to warn others 
of the dangers attending a too implicit reliance on any 
cement, however plausibly presented and extolled. The 
shape of a cask, or the colour or configuration of a label 
with which it may be distinguished, should no longer 
influence or regulate the consumers in the choice of the 



3dbvGoOg[e 



858 SOIKIfCS AND tax of fOBTLABD CEHENT. 

cement. The liek of nsiiig bad cemest is altogetfaer his 
ovn, and to his judgmeot alone ahoald he tmst for a aafe 
guidance in the matter. 

We feel oonfident that what haa been set forth in this 
chapter will not deter anyone from prosecnting farther 
cement operations, bnt on the contrary assist in stimulating 
s more healthy discrimination in the selection of cements, 
and the exercise of the easy tests by which their safe em- 
ployment can be secnred. The reasonable and nnaroidably 
straightforward explanation attending the loss and annoy- 
ance in the case before us only shows too clearly how 
little judgment or precaution is requisite to avert like 



There is probably some excuse — at least it may be sug- 
gested — for those builders in remotely Bituated districts for 
attempting the improper use of cement owing to its h%hco6t. 

Until it can be shown that Portland cement of a high 
character is easy of obtainment outside the charmed circle of 
London production, many of the existing difficulties are 
likely to continue. The cost of transit is so high that at 
the points of consumption the original price is sometimes 
more than doubled, fieuce the necessity for limitiag ita 
use, or compensating for its costliness by adulterants of 
various kind& A very common practice is to mix the 
cement with lime mortars, and, indeed, the writer has more 
than once in his experience met with country builders who 
r^ard such a combination as indispensable. It develops, in 
their judgment, the properties of the cement, and admits of 
more general application for the various purposes to which 
it is applied. 

In the execution of the Main Drainage Works under the 
Metropolitan Board, and long after the establishment of the 
tests for challenging defective or improper cement, an 
exciting incident occoried at the Crossness pumping station. 
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The reeeryoir for the reception of the sewage of the sontbem 
sabarba of Loadon during the interval between the tides, 
when it was to be disohaiged, waa of considerable extent, and 
an elaborat« and somewhat ezpensiTe plan was prepared 
for its conBtmction. The piers &oin which the groined 
arching was to spring were nnmerooE^ and a large number of 
them had been bnilt, when it was f6and that they became 
distorted and incapable of receiving the weight which they 
were intended to Bastain ; in iact^ were dangeronaly dis- 
jointed, Mr. Grant, who had charge of the works, and all 
nnddr him, were paroled at this peculiar and onlooked-fbr 
development of a combination of bricks and cement, more 
especially in this paiticnlar part of the work, for which 
they expected great credit. Of coarse the cement was at 
once blamed for the misbehaviour of the piers, bnt before 
condemnation was pronounced, the author was called in, 
and met Mr. Grant, the contractor, and the cement maker, 
on the ground. After a large amount of practical (as it is 
generally called on such occasions) observations by all in- 
terested, the author was ashed for bis opinion, which, indeed, 
had been formed at a glance. It was not the fault of the 
cement, for the entire cause was due to the action of the 
bricks (Suffolk facing), which had become saturated with 
water, and thus developed a faulty process of manufacture. 
An excess of chalk marl had been blended with the earth 
from which they were made, and the free lime, imperfectly 
mixed, became hydrated by the rain, and produced the 
disttnrtion of the piers. They had to be pulled down, and it 
vras fortunate that it was discovered before the arches were 
turned, otherwise disastrous results would have- ensued. 

A somewhat similar faulty development occurs in bricks 
made &om the lias days, and generally speaking the blame 
is laid to the mortar. This is unreasonable, as a careful 
examination would prove that it was owing to the influenoe 
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of the iron pyrites in the clay from wMcb the brick was 
made, and which by the action of heat when burnt, faTonrB 
an eventnat distortion similar to that exerted by anslaked 
lime under like circumstancea. 

These ohserrations will, it is hoped, lead to a more Ben- 
eihle examination of the action of limee and cemmts with 
bricks and stones, for there can be no doabt that in many 
cases the fanlt is ascribed to the cement, when a more 
intelligent examination would have traced the cause of 
damage to the right source. While engineers and architects 
holding leading poedtions continue so indiSerent to the 
question of cement and its qualities, we cannot wonder at 
the almost universal apathy displayed by the less prominent 
members of both professions. IndifTerence is too mild a 
term to express the existing coodition of the constractiTe 
mind, for it really amounts to an utter and obstinate resist- 
ance to the inception of all information on the subject of 
cements and their peculiarities. While such a state of 
things continues, the writer will not be surprised to hear that 
an eminent architect has suggested or specified a mixture of 
Portland cement and common lime mortar for importULt 
works, or to hear of an equally eminent eugioeer insisting 
that all cement should pass through 'a mortar mill la 
the same manner as that generally adopted in the pre- 
paration of common lime mortars. Either of these two 
novel applications of what ought to be well-understood 
materials, would indicate with too much accuracy the state of 
cement intelligence in high places. There is unfortunately 
a tendency at the present time to diverge fix>m the path of 
safety — one now tolerably well beaten and defined with the 
best records of experience in the search for novel com- 
bination of mortars. When such mixtures are reached, or 
rather sought after under the guidance of chemistry, little 
danger is to be apprehended, but when undertaken as " leaps 
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in the dark " after something fresh and novel, they are Bor- 
lonoded with danger. 

In thoa advauciDg the claims of chemistry on the construc- 
tive professions, we ran the risk of being challenged, in 
oppositioD to our argoment, that it &iled to avoid the 
disaster of the Hoosee of Parliament. In that case, however, 
the architect was orer^nxions to secore workable stone, and 
the chemistry placed at his service was not guided by 
practical reasons or experience, entirely overlooking the 
character of the atmosphere in which the atone was to be 
nsed. The parity of the atmosphere in the locality of the 
quarry where the dorability of the stone was tested, differed 
greatly from that of Westminster. The Egyptian Pyramids 
even would not long reast the d^rading inSnences of sach 
an atmosphere, for their endoranoe and stability is entirely 
owing to the dryness and pnrity of the air in the locality 
of their erection. 

Wien and Smeaton were satisfied to accept sach materials 
as were well known, and Bt. Paul's Cathedral and the Eddy- 
stone Lighthonae are the inheritance to posterity of what 
great and earnest men can accomplish. 

Railway bridges and tonnels, docks, harbours, and mills, 
warehouses and dwellings tumble about and create but little 
sensation in these days. But if St. Paul's Cathedral in any 
of its noble and magmfiosnt parts &iled, or the Eddystone 
Lighthouse saccombed to the demental strife with which 
it is surrounded, civilization woold sympathize with what 
woold be r^arded as England's national disasters. 
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CHAPTER XXL 

THE TABIODS nSBS TO WHICH POBTLAKD CEHENT 
IS APPLIED, 

Geology, daring its long and patient investigationa, aided 
by the allied scienceB of zoology, botany, and pabeontolc^y, 
brings familiotly home to our minds the history of the 
earth, its many strange changes and derelopments. In the 
establishmeDt of ite trae and now well acknowledged prin- 
ciples, the varied mining industries have been benefited 
when by its teachings they were honestly guided, and disaster 
and ruin created when the lessons which it propounded were 
disregarded and set at naught. Mineralogy, the natural 
aequBDce to the knowledge of the formation of the rocks, 
continued the investigation, and established in extended lines 
their physical character and other striking peculiarities. 
But it was not sufficient to distinguish the Tarions rocks by 
their colour, fracture, crystallization, and other established 
distinctions, for the most intelligent application of the mles 
laid down at best only succeeded in the obtainment <^ a 
superficial knowledge of the mineral under review. Chemis- 
try in its all-searching power naturally followed, and there 
was thcD no longer any doubt regarding the value of the 
miDerals and their osefulness to the arts and mannfactUTes. 
Geology described the architecture of the rooks, mineralogy 
classified their varieties, and chemistry finally tested their 
commercial value. 

It is from this triple association that the art of Portland 
cement derives so much aid; for through their combined 
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agency we are guided in the selection of the rock, can 
estimate its saperficial character, and oltimately pioYe its 
inherent properties. 

In artificial atone preparations, not only are ve in a 
position to rectify and avoid the shortcomings of natnre, bnt 
we are also enabled to point oot and determine their oaose 
and effect. The cementing agent in the rock can be proved 
to be either calcareona, alliaceous, or ailiciferoos, and the 
various grains or pebbles which they bold tc^ther can be in 
like manner estimated. Proceeding farther, we can value 
the atmcMphere of their intended site when placed in 
buildings, and ascertain ile suitability for their permanent 
erection and duration. With such knowledge and its intel- 
ligent application, the concrete and artificial stone-maker 
may not only imitate the best and most durable tocki^ 
but surpass them in all the modem requirements for which 
many of them are unsuited. We have shown that other 
cements, such as that made &om carbonate of baryta, excel, 
for some purposes, the best Portland cement, and attain a 
point of induration to which the most improved and care- 
fblly made production cannot hope to reach. Soluble 
silicfttee, which are now comparatively expensive, may be by 
improved systems of manafacture placed within our econo- 
mical command, and thus again another most valuable 
^ent brought to bear on the production of durable combina- 
tions for constructive poiposes. 

The quality of building stones can readily be tested by an 
examination of their colour and texture. It will be found 
that when they are subjected to accurate observation, uni- 
formity of colour and fineness or evenness of their grains or 
particles indicate the greatest durability. Indeed, so reliable 
are the deductions which may be drawn from an intelligent 
application of such a test, that it would not be difficult to 
ccmstruct a diagram which would measure at a glance the 
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separate valae of each etone, rangmg &om the durable 
Portland to the irregularly and loose grained gritstone. 

Id discussing this department of oar subject, we find a 
difficulty in particularizing the Tiuious purposes for which 
Pcnlland cement in some form or other is used. The growUi 
of its use has been infiuenced by the improremeuts in its 
mannfactore. Originally intended as a plaster or mortar 
in connection with house-building purposes, its succes in 
that direction gave but faint indication of its ultimate use- 
fiilnees. When engineers become impressed, not only with 
its useful properties, but the reliability of its qnality, its 
sphere became enlarged to sach an extent and with such 
rapidity, that for some time the demand exceeded the 
supply, so much so in some cases as to interfere with the 
profitable prepress of important works at home and abroad. 

The harbour tad dock works of this and other coonbies 
may be regarded as the more important and ezteosive appli- 
cation of Portland cement. Indeed, many of these valuable 
structures were, before the unhesitating acceptance of this 
nsefol material, impossible. Drainage works in cement con- 
crete are not yet of general occurrence in London, which 
may be in a great measure due to the limited use of concrete 
by the engineers of the Metropolitan Board of Works. Id 
these ezpensiTe works, large sums may be said to have 
been wasted in needless details, and in a quality of woi^ 
almost too oostJy even for metropohtan external building. 
The construction of the several Thames embankments 
offered excellent opportunities for a wide and nseful, as well 
as economical display of engineering skill, but the tempta- 
tion of using the expensive granite prevailed. The lesson 
which can be so easily read at Waterloo Bridge, failed to 
attract enough thought and consideration to the fact of 
the perishable character of granite, placed in a London 
atmosphere. Our Houses of Parliament, again, should be a 
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warning to all enginebrs and arcliiteGte to atady by the 
light of chemistiy the nature of the materials they intend to 
use, and the climate of their intended erection. 

The numerous examples of concrete work io the United 
Kingdom afford ample opportunity of studying the snbject 
in ita most comprehensive as well as minutest details. 
Although the river Liffey works are not the earliest im- 
portant application of concrete blocks, they certainly to the 
present continne the boldest and most daring in their con- 
ception and execution. The embankment and walling of a 
tidal river, busy, if not crowded with steam and sailing 
vessels, in such a manner as that executed under the 
direction of Mr. Stoney is highly creditable to the scienti6c 
and practical ability of that engineer. In the direction of 
river impioTement, concrete blocks after this remarkable 
example are capable of the most facile execution. The 
harbour works at Douglas, in the Isle of Man, afford a 
good example of concrete work, built under the direction 
of Sir John Coode, who has perhaps the largest experience 
in such works amongst English engineers. Built in a 
highly exposed situation, these works withstand the severest 
gales, and, with but slight exception, without injury or 
displacement of the blocks. As an evidence of what ex- 
ample mduces, it may be stated that previous to the com- 
mencement of these and similar works in the Isle of Han, 
Portland cement or its properties were scarcely known. At 
present a large consumption of the article has arisen in the 
execution of other works of a less important but useful 
kind. 

The extensive Government works at Dover harbour have 
been for many years constructed of concrete blocks. It is 
now a question whether engineers should not direct their 
attention to the necesnty of increasing the size of the blocks 
to be used in more than ordinarily exposed situations. 
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During the violent stonns of tbe paet winter, several weak 
points in the existing syetem of building dock and harbour 
walls have been developed. There is practically little 
difficnlty in at least doubling the present size of such blocks, 
and in Bome situations they might be made equal to tiioee 
used in the works of the river Lifiey, When favourable 
materials exist — and in most harbonr works the obtain- 
ment of suitable aggregates is a matter of little di£Scalty — 
the size of the blocks need only be limited by tbe me- 
chanical means accessible for their economical handling and 
deposition. The building up of such blocks is not necessarily 
done by expensive or skilled labour, at least where intelli- 
gent supervision exists, and no work of this kind should be 
nndertaken in its absence. Not only should the director of 
harbour or dock works have a thorooghly practical know- 
ledge of construction, but it is now required that in addition 
he should possess such technical acquirements aa will enable 
him to estimate the mineralt^cal value of the stones he iff 
to use, as well as a capacity to challenge a &alty cement. 
Guarded by these necessary qualifications, he would be tbe 
more confidently prepared to encounter the difficulties of his 
position, and be less fearful (because of bis knowledge) to 
diverge from the beaten path of routine and dogmatism. 
How many of the failures in constructive {^rations are dae 
to ignorance and prejudice. Many an old and valued clerk of 
works of bygone days had seldom more than one idea. If 
originally a carpenter or joiner, everything he did or thought 
bad a strcmg dash of timber about it ; or if originally a mason 
or bricklayer, believed only in bricks and stones. Limes and 
cements, except their various superficial characteristics, were 
Greek to him, and if they set quick and made a fuss in 
doing BO, he was satisfied. All these ancient peculiarities 
have now disappeared, and there are clerks of the works 
who really do believe that glow-setting cement is beet, and 
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when it is placed in their hands to me, thoroughly appreciate 
its meet valoable properties. 

NoTolties, or a departure from the beaten path of what is 
called practical experience, generally meets with silent and 
dogged opposition of a somewhat negative and undemonstra- 
tive character. This may perhaps be regarded by some as a 
safety valve or gauge test through which all innovations and 
improvements must or should pass beforo obtaining the 
necessary healthy recognition which will save them from 
nnking into oblivion. Numerous instances might be cit^ of 
the meet useful and valuable inventions receiving from those 
whom the public regard as the proper censors such " faint 
praise" as to lead to tiieit being pat aside and ultimately 
foi^otten. Portland cement, with its many now generally 
recognized advantages, has suffered &om this form of pre- 
judice, and might have culminated in the same fate if its 
vitality had been less decided. We now presume that it has 
passed through the various trials and difficulties incidental 
to its youth and middle age, and has established its claim 
to the indulgence usually accorded to those discoveries 
which have run the gauntlet of fierce opposition, and claimed 
the prize as a reward for the dangers they passed. 

Although an account of the numerous attempts to press 
the claims of concrote for other than engineering purposes 
would in our opinion be highly interesting and instructive, 
we moat confine our observations to the first successful appli- 
cation of a concrote prepared on unusually accurate lines, 
and its moro recent use in paving, &c 

It is now nearly thirty years since Mr. Bnckwell patented 
his "granitic breccia stene," and for some years after that 
date he execnted works in tanks, basins, pavements, &c, in 
nrions districts of the metn^lis. At tiaa period much 
difiGculty was ezpmenced in obtaining the required quality 
of Portland cemfflit for the purposes of this manufacture, and 
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some of the difficulties in the perfect establishment of thia 
nseful concrete combinstion might be traced to that caiue. 
The primaiy object of the mann&ctnrer was the command 
of a trae Portland cement not less in weight than 124 lbs. 
per imperial bushel to bind together in the closest contact 
such mat«riala aa were suited for the pnrpoa& Limestones 
from the oolitic formation were preferred, but grayel and 
other similar materials were also nsed. The process adopted 
was to incorporate the cement and the aggregates with the 
least possible amount of moisture bj the impingement of 
rammers acting on the mixed materials in the Tarions 
moulds. These moulds were of cast iron, having planed 
faces so as to enaare accuracy of form in the resulting 
products. The act of uniting the materials was performed 
in the most careful manner, and the necessary water was 
imparted by the finely perforated rose of a watering can. 80 
trifling was the apparent quantity of water thus introduced, 
that the mass had every external indication of rottenness, 
and bore no superficial signs of its future excellence. There 
was occasional use made of a soluble silicate when work of 
more than ordinary excellence was desired, but the cost at 
that time of the chemical agents prevented its general use. 

This "granitic breccia stone" was used in 1851 in making 
water tanks in Hyde Park and St. James' Park, in the basins 
of the Crystal Palace, and in the catacombs of the City of 
London Cemetery at Uford, in pavements and landings in 
many parts of the country, and it was also used by the Thames 
Conservancy for mooring blocks, the engineer of that Board 
regarding it as superior to roach Portland stone for such 
purposes. 

A pavement 400 feet long and 20 feet vide, Imd down in 
1853 at Lewisham, in Kent, still exists as an evidence of its 
suitability for such a purpose ; sewage pipes, pillars, and a 
variety of useful applications in all constructive directiona 
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were made, and its ultimate abandonment was due in a great 
measure to the want of sufficient public acknowledgment 
of ite merits rendering the further prosecution of the manu- 
facture nnprofitable, also to Uie costliness of hand labour. 
There was, however, sufficient advance made to establish ths 
possibility of equalling hy the Eigency of this manufacture 
tine best known building stone, and also proving that for 
eeweiage porposes it was very suitable. 

Mr. Bnckwell received numerous flattering testimonials 
from the engineers and architects nnder whose direction 
it had been used for many purposes, after a test of years 
had sufficiently proved its valuable properties. He was 
undoubtedly the earliest experimenter who applied intelligent 
scientific rules for the manufacture of concrete, and doubt- 
less experienced much anxiety and disappointment before 
reaching the goal of his ambition. The primary object of 
his efforts was to obtain in the most compact form a concrete 
with the least possible amount of moisture ; in fact, only 
enough to impart to the dryly mixed mass of stone and 
Portland cement the necessary water of crystallization. That 
was at least theoretically what be set out to do, and practi- 
cally he all but attamed his object, for by rapidity of impact 
in the use of the rammers, he was enabled to so combine all 
the ingredients (including the moisture) that the stone at 
three weeks old weighed little less than its original weight 
when first mixed. Thus indicating an accurate combination 
of the water, which could only have been absorbed in the 
process of crystallization, leaving no superfluity thereof, 
that would have been an element of danger or waste ; in fact, 
everything was conserved, and thus the beat conditions of a 
cemented mass secured. In the earlier trials, much incon- 
venience was experienced in the moulding process, owing to 
the difficult of removing the concreted mass from the 
moulds. In iron moulds the concrete stuck to them so as to 
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destroy all accorscy in the forms produced. Slate moulds 
were next used, but owing to the great pressure exerted by 
the impinging action of the rammers, they were found too 
weak, and for that reason had to be abandoned, although 
theip texture was fayourable for the production of accurate 
output. Wood moulds were also ased, but they were found 
too weak. Subsequently glycerine was rubbed on the iron 
moulds and proved adrantageous. But the most successful 
application was soft soap, which overcame the difficulty, and 
thus Miabled Mr, BuckweU to have his moulds consbucted 
of wrought and cast iron of the required strength. 

The selection of the materials for this accurately prepared 
concrete was carefully attended to, and any raw clayey 
particles or rery fine dust were rejected. Slates or hard 
shales were also looked upon with saspioion, and the more 
micaceous granites entirely avoided. In some carefnl ex- 
periments made by the Engineer of the London Docks in 
March 1858, the following results were obtained : 



EiFEBiHKNTe mra Htdbaulio Pbbsdu or Mitekiau, bt 
Ebq., C.B., London Docks. Mabch 1858. 
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In 1815, or probably dnriDg the previous year, the die- 
oovery made by Mr, F. Bansome of bia well-known artificial 
atone, and about tbe same time Mr. Bnckwell's invention 
of the "granitic breccia" stoae, attracted mnch attention 
amongst tbe more eminent scientidc men of that day. 
Dean Bnckland especially considered these two inventions as 
of the greatest importance, and so impressed was he of their 
deeiiability for constructive purposes, that he decided on 
giving a lecture on the subject at the Royal Institution of 
Great Britain. His sudden illness prevented his doing so, 
and the duty was kindly undertaken by his friend the no 
less eminent and illustrious Faraday. 

Xbe lecture was delivered at the Boyal Institution on tbe 
26th May, 1848, the notes for which were furnished to the 
' Athemeum ' by the Professor, as at that time no short-hand 
reports were taken of these lectures. Tbe extract from that 
paper is as follows : 

" As the artificial atone of Mr. Bansome is ohiefly applicable 
for ornamental purposes, so Mr. Buckwell's invention, termed 
by him artificial granite, appears exclusively designed to 
supply the place of blocks brought from the quarry for 
large works, whether walla of houses or of aqueducts, sewers, 
&& Mr. Buckwell uses the following simple process. Frag- 
ments of suitable stones (Portland stone, for example) are 
gauged and sorted into sizes. These are cleaned and care- 
fully mixed on a board with cement in the proportions of 
5 parts of large fragments, 2 of smaller ones, I of cement, 
and a portion of water, but the water is in no greater 
quanUti/ than will bring it to t^e dampness of fresh deal 
sawdust This being done, the materials are put into a 
strong mould to the depth of about I^ inch at a time ; they 
are then drwen together by foreoition, more materials are 
now put in ; these in turn hammered together till the 
2 B 2 
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water has escaped bj holes pierced for that pnrpoee in the 
moulds, and this process is continued until the block or 
pipe has attained the required magnitude. It ia then takea 
out of the mould, and now found to be so hard as to ring 
when struck, and in ten days is fit for service. It is affirmed 
to harden under the influence of moisture, to bear, when 
moulded in the form of girders, a greater transverse pressure 
than any rock except slate, and to be only one^th of the 
cost of brickwork.* It will be noticed that the process ts 
characterized by the nse of fragments, by the qnantity of 
cement employed (not one-fourth of the proportion used in 
common groaiing), and by water instead of fire being made 
the means of bringing the fragments into close unison. Mr. 
Faraday then noticed two scientific principles on the succeeg 
of which Mr. Bnckwell's process depends. 

" 1st. The u»e of water in effecting the apprommationof the 
pariielet, and the eeedueion of air. — It has been ascertained 
by Dr. Wollaaton (Bakerian Lectures, 1828) that, in order to 
bring the particles of platina into close contact, it is best to 
bring them together in water. Where a freshly made road 
is watered to make the materials bind together, the same 
principle assists in tiie result. Having filled a measured 
glass with aand, Mr. Faraday showed that when the glass 
was first filled with water and then the sand added with 
agitation, it occupied less space than when dry. 

"2nd. The effect of pereueeion in bringing pariielee together. — 
Mr. Faraday noticed that simple pressure will not displace 
interstitial air or water, but that a blow wilL Wat^ con- 
tained in a small cylinder of wire gauze was shown remaining 
in the open network when subject to the pressure of a 
column of the same fluid, thongb it freely ran through the 
meshes when tiie cylinder was gently struck ; on the same 
principle moistened sand on the sea-sbore gives way and 
* We proanme there u aomo error in this eatinisto of the OMt. 
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leaTOB a footmark under the limb that strikes it. In con- 
dmrion Mr. Faraday noticed the remarkable &ct that the 
sedimentary matter in sewere, &c, does not accnmnlate on 
Jir. Bnckwell's granite as it does on glazed pipes." 

The most cursory examination of a piece c^ ordinary 
cement, mortar, or concrete, will show that a large percentage 
of the mass is nncomhined or imperfectly miited owing to the 
interreotioD of the air and water spaces ; were these voids 
filled, not only wonld tilie density of the preparation be in- 
creased, bat its strength woold also be mnch ImproTed. The 
naked eye may readily measure the extent of this injurioos 
interstitial space, but on the application of an ordinary 
magnifying glass or microacope, the porosity with its imper- 
fection is at once realized. 

Although we have thus given prominence to Mr. Buck- 
well's granitic breccia, it is not from any feeling of disregard 
to the merits of Mr. Bansome's beautiful invention, bat 
because its claims on our attention are less important 
to the subject of our argument than the other. We shall, 
however, give a few particulars of this interesting process, 
which, like the "Eowley rag" basalt manufacture, described 
at pages 102, 103, has succumbed to the want of the neces- 
sary patronage, although not a commercial failure. 

The promise of success with which this manufacture was 
at first received was not nnworthy of its merits, for it 
promised to meet a want much felt in the architectural 
profession. It was capable of being moulded into the most 
elaborate ornaments, and equally suitable for the production 
of tombstones, paving stones, and grinding and scythe 
stones. We shall shortly describe the process, for its 
chemical excellence is well worthy of oar notice. 

The whole system of manufactare is based upon chemical 
reaction, and the first stage consists of the conversion of 
flints into a kind of water glass. This viscid product is 
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afterwards qnickly mixed with the detennined qnantity aad 
quality of sharp sand, which is thus conTcrted into a plastio 
mass, capable of beiog shaped to any form. The moulded 
mass in all ita rariety of shapes is placed in a solution of 
chloride of calcium, which is made by preseure to pene- 
trate into every pore. The contact of this solution with 
the silicate reanlt^ in an almost immediate decomposition, 
whereby the silica seizes, as it were, on the calcium, and 
forms a hard silicate of lime, leaving the chlorine and soda 
to form chloride of sodium to a limited extent. The silicate 
of soda which covered or enshrouded the particles of sand 
before their introduction into the chloride of calcinm bath, 
became saturated with silicate of lime, a most indestructible 
material. The remaiuing solnble chloride of sodium is then 
washed by pressure from the now flinty stone through the 
agency of pure water, its thorough expulsion being secured 
by chemical test. After being dried, the stone is suitable 
for such purposes as may be required. More recently Ab. 
Bausome has succeeded in dispensing with the chloride of 
calcium and the various washings which its use necessitated. 
The prepared natural silica in definite proportions is com- 
bined with soluble silica of potash or soda and lime, sand, 
alumina, or other approved and suitable materials, which, 
after undergoing an accurate process of the necessary 
moulding, are allowed to harden, when the action of the 
silicate of lime ultimately cements it into a solid stony 
substance. The actions chemically producing the above 
results seem to be as follows. On the materials being 
mixed together, the silicate of soda becomes decomposed ; 
the silicic acid, being liberated, combines with the lime, and 
forms a compound silicate of lime and alumina; while a 
portion of the soda, in a caustic condition, is set free. This 
caustic soda combines with the natural soluble silica, thus 
forming a fresh supply of silicate of soda, which in turn 
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becomes decomposed by a freeh supply of lime, &c., &c. 
Through this procees the whole of the caustic soda is 
oltimatoly fixed, doing away with the waahiug necessary in 
the original or fitst process. 

Hitherto concrete in mass baa not been produced on lines 
so accurate as those defined by Mr. Buckwell, and indorsed, 
or at least recognized, by so great a chemist as Faraday. 
The essential conditions are simple, and, as explained at the 
Boyal Institution lecture, consist of, 1. The discreet and 
accurate use of wat«; and 2. The necessity of impact 
to bring the particles onder treatment into the reqaired 
accurate contact. It will be observed that both the Bansome 
stone and Bnckwell concrete processes aim at and successfully 
result in an entire absence or expulsion df aU iiUer^tial air 
or vxUer space, and produce a firmly compacted mass, which 
is only possible by their perfect absence. These conditions, 
the accuracy and advantages of which are undeniable, are 
not easy of fulfilment nnder the on^ary circumstances in 
which concrete is usually employed in such worbs as floors, 
roadways, and walling by the monolithic system. In all 
other structural operations where the, preparation of blocks 
precedes construction, it is quite possible to produce a mass 
of such a quality as that of "granitic breccia." In the 
preparation of large blocks for marine works, the aid of 
machinery of percnssion becomes necessary ; and not only 
would the resolting componnd be more valuable in quality, 
but the time at which it could be used considerably acce- 
lerated. The porosity of concrete bloc^ as now prepared 
renders them liable — owing to their spongy character — to 
absorb a large percentage of water, making them thus 
more subject to ultimate d^radation by the constant presence 
of sea water, with which they are unavoidably incorporated. 
The mass of granitic breccia carefully built not only avoids 
all superfluity of moisture, but has actually combined with 
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the water needful for its cryBtallization, ftod begun or 
finished Qiai chemical procees, according to the time it ia 
allowed to remain before being used, and previoos to ita 
being placed in position. 

While thus alluding to blocks for docks, qnays, and other 
anal<^us structures, we will shortly allade to the question 
of the size these blocks should be. Recent stonos, as 
elsewhere referred to, amply prove that the blocks now naed 
are too small, and in water unable to resist the action of 
violent and nnnsual galea. French engineers have given 
since the time of Belidor much attention to this subject, 
and have gradnally increased the size of their blocks for sea 
works, basing their calculation principally oa the mechanical 
force of the storm wave of the Bay of Biscay. Some such 
observations must ultimately guide ns in determining on the 
dimensions and weight of blocks intended to be laid on oar 
coasts, subject more especially to the storm fury of the 
Atlantic, Geologists have been been observers of this sea 
actipn,' and the best illustrations known to ns occur in Mr. 
Kinaban's work on ' Yalleys, and their relation to Fissares, 
Fractures, and Faults,' where, at page 49, referring to the 
" block beaches " near Arran Island, on the west coast of 
Ireland, he says : 

" The stones forming the ' block beach ' are cast up 
during the winter gales, and some of them are of a consider- 
able size. A little south of Donghatna the following obser- 
vation was made : ' Great quarrying seems to be going on 
here during the gales. Blocks 30 X 15 X 4 feet tossed and 
tumbled about.' And again, half-way between Donghatna and 
Classen Bock, there is this note : ' A block 15x12x4 feet 
seems to have been moved 20 yards, and left on a step 
10 feet higher than its original site.' " 

The rock was limestone, and if we take its weight per 
cubic foot at 170 lbs. for the first block (30 x 15 x 4), 



3dbvGoOg[e 



USES TO VHIOH FOBILjUID OSSSSt IS APPLIED. 377 

we obtain 136 toos, while tlie second (15 x 12 x 4) would, 
by a similar eatimate, amoniit to 65 tons. 

Such a formidable natnial force is not peculiar to the 
west coast of Ireland, and its ezisteoce in such intensity is 
likely to be found in many parts of the world, so that 
engineers entmsted with works in exposed situations should 
regard the question of Bea aotioo as of primary and in- 
diapensable importance. 

While considering this element of danger from a me- 
chanical force, there is also an ever present chemical 
agent, which, if not so apparent, is equally dangeroQB. In 
different seas, the water is impregnated with variable quan- 
tities of m^nesia — that of the Mediterranean containing 
as much as 4 lbs. to the cubic yard of water. Engineers have 
not hitherto regarded in so serious a light as its considei^ 
ation demands, either the elemental strife, which may be 
regarded ae mechanical, or the impurity of the ocean water, 
which is chemical in character, and perhaps more insidious 
and dangerous than the other. The sterm damage is easily 
estimated, but the insidious effect of chemical wasting or 
d^radation from its unseen and onfelt influence is likely 
to evade onr observation. This sea-water difficnlty was 
one that puzzled engineers of old times, and the damaged 
and dilapidated piers and harbours of the Mediterranean are 
tbe testimony of its power and infiuence on untme mortara 
made from imperfect and ignorantly prepared natural or 
artificial cements. 

Increasing chemical knowledge led to the manufacture of 
" Victoria stone," tinder tbe patent of the late Mr. Highton, 
who ingeniously took advantage of the beds of natural silica 
existing abundantly under the chalk deposits in Surrey. He 
made his concrete preferably from a mixture of Portland 
cement with refuse or chippiogs of the Mount Sorrell 
(Leicestershire) granite, though the same process was appli- 
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cable to any combinatioti with materials of eaitable character 
and quality. There was nothing essentially diffeient in this 
process from that generally practised in making ordinary 
concrete blocks or slabs, and, indeed, no especial ptecantions 
appeared to have been taken similar in character to thoee 
adopted by Mr. Buckwell. In the one case, however, as in 
the manufactnre of " granitic breccia," the greater care was 
bestowed in the accarate mechanical combination of the 
broken stones and the cementing agent (Portland cement), 
with BQch satisfactory resolts as those which we have en- 
deavoured to describe. On the other hand, as by the 
method of Hr. Highton, the chemical element was primarily 
relied npon for the ultimate ralne of the manufacture. The 
process itself and its original conception indicated a con- 
siderable amount of scientific ability. 

Ordinarily architects and engineers have now become 
satisfied with a fkirly compacted concrete mass obtained 
through the agency of faultless Portland cement in com- 
bination with properly selected aggregates. la the process 
of "Victoria stone" manufacture these conditions were 
equally sought for and realized, but a step &rther was 
made and the mass thus carefully produced was submitted to 
a final process, by which was anticipated years, if not ages, 
of natural induration or crystallization. 

The chief aim of the inventor of this process was to 
obtain, without the aid of expensive heat, a stone surpassing 
in value that produced under the patent of Mr. F. BanBom& 
This he successfully accomplished in the following manner. 
The magic aid of heat was dispensed with, and the fluc- 
tuating and uncertain results obtainable through its agency 
were entirely and successfully avoided. The only fnel con- 
tribution to the success of the process was that employed in 
the manufacture of the Portland cement, although even that 
may be regarded as having been performed outside of the 
" Victoria stone " process. 

DigizedtyGOOgle 
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Concrete made under the moat favourable conditions 
exhibits a conaideiable degree of porosity, and the aim of 
the inventor of the " Victoria stone " proceea waa to thoroughly 
impr^nate the mass so aa to fill up entirely the whole 
interstitial space. The accomplishment of the task he had 
set himself was obtained by the introduction of the natural 
and inexpensive silica obtained from the sources already 
described. This silica, prepared in a cold bath in which the 
concrete articles were placed, acted on the cementing agent 
and ultimately petrified the whole mass. This process is 
rendered practicable from the cheapness of the natural 
silica which is combined with soda in the bath, forming a 
silicate of soda, the cost of which from the ordinary and 
usual manafacturing chemical source is somewhat heavy. 
The silica which is absorbed in the dlicating process by 
the cement is easily replenished, and a perfect silicate bath 
thus maintained at a comparatively nominal cost Paving 
slabs, steps, landings, sills, &c., are thus manufactured at 
a cost much under Yorkshire stone, while the absorptive 
properties of the artificial material are much leas than the 
natural one. 

An accurately performed operation by this process might 
accomplish such results as would practically amount to a 
perfect stone capable of resisting the greatest wear and most 
injurious atmospheric action. The advantage over the natnral 
stones is obviously great, and perhaps the most noteworthy 
is the accomplishment of accuracy of form, without the aid 
of skilled labour. Hitherto, and indeed during nearly the 
whole period of recorded time, great loss arose from the 
necessity of choosing a stone suitable for easy conversion by 
the mason or sculptor, regardless of the ultimate effect of 
climatal action on its durability. The stones best suited to 
fulfil the conditions of stability and permanency were not 
easy tn work, and indeed, the conversion of some of the best 
varieties of building stones were under ordinary circumstances 
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imposBible. The irregnlarity of the cementing a^nt in tha 
nattuaJ depoeits, and the Tariable character of the grains or 
particles of which they are compoeed, render their ose nnder 
the most faToaiable circomstances precarions and oncertain. 
The damage inctitred is eometimee so remote, that those 
primarily responsible for the mistake practically diar^ard its 
attendant penalties, knowing full well that they will have 
passed away before the day of reckoniog arrives. An arti- 
ficial stone of this homogeneous character, equal to the most 
severe tests of imperfect laying, and having the capacity of 
resisting the most vitiated atmosphere, must ultimately 
attain the position its merits deserve. 
.There are bat few natoral rocks capable of withstanding 
the unavoidable dangers incidental to and inseparable from 
the various operations of quarrying, chiselling, and bedding 
or laying. Modem building in its high-pressure conditi<Hi 
cannot pause to study the oatnral bedding of the stone, or 
take tJie trouble to see that it is matured or ripe enon^ tar 
use. There can be no question, however, of the desirability 
of exercising great care not only in the selection of the stone 
at the qoarry, but the ultimate bedding in its destined site. 
A very cnrsory examination of any of the sandstones will 
show that these deposits have been formed gtadually and in 
very thin layers doring pauses or intervals of time, probably 
not long, bat sufficiently so to create a coDsiderable pause in 
the operation and to leave each succeeding deposit exposed 
to such injurious atmospheric influence as at that time 



A section of some of the sandstones usually employed fat 
building or paving exhibits various laminations, and the 
division of each, almost invariably marked by a darker line 
than the atone itsell This is sometimes composed of car- 
bonaceous matter, and tends to the destruction of the stone 
when exposed to the atmosphere. Such stone, when laid 
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regardless of its planes of laminatioa and at Tarions angles 
from the original horizontal or other line of deposition, 
exbibita in a very short time the evila attending its being 
80 placed. In the pavement, in passing along, we see the 
flags peeling off ia flaky pieces and the section exposed, 
clearly indicating the cause of the fractures, and consequent 
d^radation. Paving flags being irr^;nlar in size, and 
differing greatly in their qnality and capaci^ of resistance 
to wear, aggravate the difficulty. 

The finer-grained qualities exhibit durable properties, 
but even the best descriptions soon show indications of 
broken edges, or arrises extending to a gradoal widening 
of the joints, and becoming at last mere water carriers. 
Granite, again, is unsuitable for pavements, not only from its 
dangerous slipperiness when partially worn, but also in 
consequence of the irregularity of its wear. The granite 
pavingof the footways of Waterioo Bridge is a good example 
of this kind of action. This pavement appears to us in its 
present condition most dangerous to the pedestrians by 
whom it is used. 

In contrast with the ordinary stone paving {W)m natural 
sources (excepting asphalte), we would call attention to the 
condition and quality of several examples of artificial (patent 
Yictoria stone) slabs in various parts of London and else- 
where. 

At Piccadilly, near Devonshire House, there has been laid 
down for some years concrete slabs in size about 6 feet by 
3 feet, and tbeii present condition is most satis&ctoty. Not 
only do they wear well and evenly under by no means a light 
traffic, bat their appearance is most pleasing, the joints 
being still perfect; and in short there are no indications 
of degradation at all Again, in High Street, Bloomsbnry, 
between the parish church and Tottenham Court Boad, the 
pavement on the east side is composed of concrete slabs 
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aboat 3 feet square, wearing well, aod pleasing to look at 
We will refer to another London example : on the southern 
approach of Elackfriars Bridge, nearly oppoBit« the station 
of the London, Chatham, and Dover Kailway, a small portion 
of the footway was laid, seven years since, with similar saccess 
to the above. A considerable portion of the foot paTement in 
the town of Staines, in Middlesex, is also laid with ooncrete 
slabs, and forms a strong contrast to the old and dilapidated 
pavement of the flag system in the other parts of the town. 
There are numeroos other examples which might be de- 
scribed, bat we content ourselves with calling attention only 
to those few easily inspected concrete results of a by no 
means unimportant character. 

Since the introduction of the "Patent Victoria Stone," 
now nearly eight years ago, something like a million of 
square feet has been laid in Tarious ptacea To have accom- 
plished as much in so comparatively short a time indicates 
that the material poeseeses merits of an unusnally attrac- 
tive kind, to have enabled it to prevail to such an extent 
against the vsrioue interests and prejudices with which it 
had to contend. A new material of this character, dependent 
in a great measure on the accurate and successful combina- 
tion of chemical agents, and whose best effects can only be 
produced when the cementing agent is of unexceptionable 
quality, had, as a matter of course, its run of disappoint- 
ment and &ilure. The experience, however, gained by the 
unavoidable vicissitudes attendant on a new process has 
developed its best and truest merits until the manu&ctnre of 
this "Victoria stone" has become so accurate in character as 
to place its products in most favourable comparison with the 
best natural stones. 

We shall shortly describe the process of manufacture, 
which from its simplicity will be easily understood. Before, 
however, entering on this description we should premise it 
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by saying, that the prim&ry agent really is Portland cement, 
and its quality when used for this manufacture must be of 
an nnezceptionably high character. Experience has shown 
this to be so essential to success that the most searching tests 
are applied before the cement is accepted for use. In fact, 
the cement must be of high specific gravity, finely ground, 
and capable of resisting the severest hydraulic or water testa. 
The possession of the most faultless cement, however, is not 
alone all that is required. The aggregate, or material of 



mixture, must not only poesees a certain quality of hardness 
bnt its treatment previous to amalgamation with the, 
chemical agents is of a careful and painstaking character. 
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The material at present used is the Leicestetshire granite, 
which is received horn the qoarries in the reqaiied sizes, 
somewhat resembling pea gravd. This nndei^oes a careful 
washing, bo as to eliminate any clayey or other ohjectionable 
particles, and the process is performed as shown by Fig. 57. 
After Htm treatment the granite grarel, if it may be so 
called, is clean, somewhat gritty, and in a favourable con- 
dition for farther treatment. 

In the workshop, or monlding room, as exhibited in 
Fig. 58, it is mixed in varying quantities, according to the 



work required, with Portland cement, and moulded in 
wooden frames lined with metal. The slabs are so made that 
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both aides are alike, and when worn on one SQrface they can 
be turned upside down, securing, even in thie apparently 
trivial arrangement, an adyantage over the ordinary flag 
pavement, which has usnally only one wearing surface. The 
slabs are kept for at least seven days before they are dipped 
in the silica bath or tanks, aa shown by Fig. 59. In these 
baths they are generally allowed to remain for eight or ten 



days, and when removed might be, if required, naed in a 
month's time. There is much increased value, however, in 
allowing the chemical action to continue nndistnrbed for as 
long a period as possible. The manufacturers of this stone 
are fully alive to the advantages derived from keeping the 
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slabs or other prodacts for a considerable time after being 
finisbed, as the large stock exhibited by the sketch Fig. 60 
indicates. Like good port wine they will improve in quality 
by keeping, and no one reqairing and desirous of haring a 
superior slab or other product of this process could reason- 
ably object to pay the enhanced value its maturing must 
coat. 

The materials required and now used for the produc- 
tion of the varied forms by the " Victoria stone " process 
ate: 

1st. Portland cement. 

2od, Leicestershire or Guernsey granite. 

3rd. Nataral Famham silica. 

The analysis of the chemical ingredients are : 

No. 1. PorUand Cement. 

Lime (M-05 

Hagneria 1'17 

Altuniu 10-81 

BilioB 2*-31 

Alkalka I'M 

No. 2. Leioedershire Granite. 

We are unable to obtain an analysis of this granite, bnt 
the following results of experiments by Mr. Eirkaldy indi- 
cate that the granites now used, Markfield and Bardon, are 
of high compressive valne. 

" BesnltB of experiments to ascertain the resistance to a 
thrusting strain of four 3-inch cubes of granite : . 

Pnaan gn I tq. Id, Prrwun on l iq. It, 



BnrdmiHill . 
Harkfleld 
HooDtsoirel * 
Onenuef 
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** The Bpecimens were cnt and planed on all sidee in s 
similar manner." 

No. 3. By Profeeaor AttJUld. 
Analysis of Famham silica, two specimens : 



HnistiiTe 

Almniaa, lime, nuigneau, widl 

SUkia.. '.'. '.'. '.'. '.'. '.'. 



S6-00 
400 
70-00 



30-00 
400 
66-00 



When dried eacli woold contain 06 per cent silica. 

An examination of the sketches representing the 1 
processes of this manufoctare will show that no high tech- 
nical skill is necessary to produce paving slabs, bat, on the 
contrary, the whole operation is performed by ordinary 
labour unasaiBted by machinery of any kind. We should 
remark, however, that a Bteam engine is employed to grind 
and prepare in a mortar mill the crude silica as it is received 
from the gaarries, so as to render its condition suitable for 
the bath. There has been no improvement attempted, 
owing in some measure to the opposition the introdaction 
of an untried material of this character meets with, and also 
in consequence, probably, of the inventor believing that 
careless moulding was immaterial, as the silicating process 
converted the most carelessly moulded form into a compact 
petrified mass. Indeed, this confiding belief in the supposed 
all-powerful chemical agent encouraged carelessness in the 
selection and treatment of the other materials, so moch so as 
to cause in the* earlier days of the manufacture much loss and 
dissatisfaction. It was originally supposed that any binding 
agent, even lias lime, would, when submitted to the sili- 
cating process, produce slabs of a highly indurated character. 
These blunders, for they may be considered such from a 
practical point of view, ultimately led to a collapse of the 
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company fonned ondei Mr. Highton's anapicee, and the pio- 
cees itself was saved fK>m oblivioD by the sale to the present 
company, vho now carry on the manufEustare at Stratford 
Bridge, in Essex ; the past errors tending to stimulate them 
in their desire to prodnce goods of nnezceptionable quality, 
and free from the defects inseparable from a too confiding 
reliance on the silica. 

Some may regard the procraa of mannfacture vd have 
somewhat harriedly described as too much dependent on 
manaal laboar, which might be profitably superseded by 
mechanical aid. In the oompaiattve infancy of a mana&ctare 
of this kind it is not always advisable to introdoce an 
expensive plant of machinery antil a reputation has been 
established and tolerable certainty of success assured. 

Paving, as practised in the metropolis and other large 
cities, is apparently a simple operation, and one which 
requires but little scientific skill for its saccessful per- 
formance. There are, however, difficulties of an almost 
insurmountable character to be overcome before a novel 
material, whatever its intrinsic merits, may or can be 
introduced. Vestrydom, or some other equally ancient 
fossilized body, has to be courted, coaxed, if not bullied, 
before a trial is permitted of even the best materials. A 
good example of the effects produced by this lesistancd to 
improvement is to be found in the state of the pavement 
eztendisg bom Ludgate Circus to Cannon Street station. 
8nch a disgraceful piece of footway is not easily found, 
and those responsible for its condition should be punished 
for the many sprained ankles and other misfortunes of 
which it has doubtless been frequently the cause. But we 
forget we are in the " City," and should be prepared for 
such things, for we have just passed " St. Paul's," and feel 
ashamed at its external condition. Why cannot the o\eigy 
keep it clean? The revenues are sure to be well looked 
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after and kept free of rust or any other degrading inflnenoe, 
but the noble pile itself is left to the mercy of a London 
atmosphere. Katnre, with its cleansing rains and violent 
storms, does as much as it can, at all events enough to show 
the contrast between white and black. We might afford in 
these times of convulsiTe clericalism to change, oralti^ther 
dispense with, aquabbliog clergy, but to rebuild St Paul's is 
now almost an impossibility. It would be a oomparatiTely 
easy matter to restore the structure to its original colour 
and condition, and by the aid of the sihcating or other 
c<^nato process maintain its integrity ^unst the most violent 
and persistent attacks of impure atmospheric SDrroondings. 

In our observations on this process we have thus tax con- 
fined ourselves to the description of paving slabs, but it is 
not to be supposed that the capacity of the manufacture is 
limited to this useful production. londinga of considerable 
size are produced — steps, sinks, sills, and a variety of orna- 
mental objects as well are readily moulded, bnt in a some- 
what different manner. The more complex forms are made 
by using the mixture in another way. The finer portions of 
the granite are mixed with the cement Id a much drier 
condition, in which state it is rammed into the mould by 
heavy and peculiarly formed broad-faced hammers. This 
percussive treatment has a most beneficial influence on the 
resulting products, and the sinks and sills obtuned by such 
treatment compare favourably with those made from the beet 
natural stones. The manufacturers appear ambitious to 
excel in the quality of their wares and with so wide a 6eld 
in which to display their ingenuity we may look forward to 
many adaptations of the "Victoria stone," not only in a 
useful but ornamental direction. Feeling that progress is 
indispensable to success, they are umlng at colouring vases 
and oUior ornamental objects ; and thus far their efforts 
have been attended with a fair measure of success. 
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The Batisfactor; results obtained tlirough the agency of 
this and other processes elsewhere described indicate that 
great strides have been made of htt« years in the direction 
of artiGoial Btone mannfactnre. The comparatively recent 
impetus given to this branch of constructive skill ia due 
in a great measure to the improved knovledge of Portland 
cement and its valuable qualities. The stone maker is 
from increased experience better able to dispense with the 
unreliable cement of careless manufacturers, yet notwith- 
standing his utmost vigilance, is still occasionally put 
to great inconvenieoce and losa He no longer repossB 
blind confideuce in the maker's name, but truste to his 
own knowledge as the beet protection. Should this industry 
continue to increase in the same ratio that it has done 
dnriog the last few yeara, the stone maker muBt make his 
own cement, when he could produce the required quality, 
and thus save himself much anxiety and loss. 

It is but fair to the cement maker to mention that Port- 
land cement best suited for artificial stone-making should 
possess properties that are not usually required of it in the 
ordinary concrete and similar constructive operations, and 
therefore, unless specially <»dered, not as a rule usually 
supplied. The quality of stone-making cement should be of 
the most unexceptionable character, and the specification 
best Buited for its obtainment ought to be as follows : 

1st. Heavy cement of not less than 116 lbs. per imperial 
stroked bushel. This must not be obtained by any adultera- 
tion of slag or vitrified brick, but be pare cement produced 
from clinker out of the kiln. 

2nd. A tensile capacity of not less than 300 lbs. per 
square inch after seven days' immersion in water. 

3rd. Fineness of powder. Must not leave niore than 10 
per cent, of residuum in its passage through a sieve having 
2500 meshes to the square inch. 
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Li August 1869 Mr. Eiikaldy tested a Bpeoimen of the 
patent Yictoria stone vith the following resnlte : 

The surface ezpoaed to the thmstbg strain was 55'S7 
square inches. 

Cncked lUghUy. Cnckcd gcnenllr. Cnubed. 

HT-MOlbi. 178-62011* 264-720 Ito. 

2655 per aq. ia. 3214 per aq. in. 4765 per aq. in. 

Since that time much improyement has taken place ia the 
quality, and no douR more favourable results would now be 
forthcoming. 

Many foreign works in paving have been ezecated, one 
of the most important being at Callao, in Peru, where 
Mr. Hodges (the constmctor of the great harbour works 
there) laid down 15,000 concrete slabs 3 feet l^ 2 feet for 
paving the town. This pavement has given mach satis- 
faction, and it wears well even in a Peruvian climate. 

We have endeavoured to show in a somewhat cursory 
manner that hydraulic engineering has in the widest sense 
benefited by a free and confiding use of Portland cement. 
The dangers of faulty manufacture are encountered by the 
increased knowledge of the properties of the cement, and 
the command of the proper means of testing its quality. 
Confidence thus secured, combined with an awakening sense 
of the desirability of chemical knowledge, will nltimately, 
we feel assured, put beyond doubt or cavil the excellent 
properties of Portland cement and its various constructive 
combinations. 

Although we are familiar with the great monolithic stmo- 
tures iu Portland cement concrete erected around our coasts 
in harbours and docks, we fail to observe any progress in the 
direction of sanitary engineering, in the advancement of 
which we are all directly and personally concerned. The 
Metropolitan Board of Works it is true made a mighty stir 
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and Bomided a lond trampet when they decided to use 
Portland cement mortar in the works of the outfall sewers. 
A grand opportunity was lost by the engineers of that body 
to display their appreci&tiou of a comparatively new combi- 
nation of Taloatde materials, at least new from our modem 
point of view, for concrete is nearly as old as civilization 
itself. The ancients bequeathed to ns nndeniable records of 
their confidence in this material, and used it fearlessly in 
aqueducts, cisterns, baths, and other sanitary structures. 
The still existing remains of these long-since constructed 
bnildings — some even at a period anterior to recorded 
history — show ns that for sncli application and purposes, 
concrete was regarded by them as pre-eminently useful. 

The modem system of sewerage necessitates a most carefol 
attention to the junctions of the subsidiary or house drains, 
to those huge gas-generating and rat-producing constructicms 
called outfall or main sewers. It is not enough that these 
receptacles or conduits of filth should carry seaward to 
oblivion and utter annihilation the valuable means which 
should fertilize our exhausted soils; it is not enough that 
the ratepayers are saddled with the taxation of their cost, 
bat in addition, which is more important and vital, they 
have their home atmosphere saturated with the poisonous 
gases of which these sewers are the permanently established 
generators. 

In the registration division of London (according to the 
ItegiBtra>General's return for 1876) there is embraced an 
area of 122 square miles, honeycombed by 2000 miles of 
sewers, over which traverse 1500 miles of streets, along 
which are built 417,767 houses inhabited by three millions 
asd a half of human beings. Every square mile has there- 
fore on the average 16 miles of sewers or something like 
8^ yards to every house. Within this district, so accurately 
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defined and mapped, the popnIatioD Htb at Tarioaa levels, 
ranging from the minimum (at Plomstead) of 11 feet beto« 
high-water mark, to the maximum (at Hampstead) of 420 
feet above the same datnm. 

Id the old condition of sanitary science, and during what 
may be distinguished as the cesspool period, the junctions of 
the house drains with their points of deposit was a matter 
of comparative insignificance, for each dwelling, or at most a 
few associated together bad to contend only with the diffi- 
culties of theii own making. It is now qnite otherwise, for 
every house and all which it contains is tied hand and foot 
in helpless bondage, egsinst which its struggles for emancipa- 
tion or remedy are helpless and futile, for dwelling and 
life are alike dedicated to the mighty Moloch of modem 
sanitary science. The main sewer is brought as near the 
populous centres as possible, and to these laboratories of 
disease and death yon are bound to be connected. It is 
now no longer isolated and detacHed connection capable of 
control, but a huge combination of millions to assist in 
poisoning each other. The hideous " Frankenstein " has been 
invoked, and we can only now temporize with that which we 
have in our short-sightedness created. The periodical London 
floods of past times are not of the same character as the 
present, for their waters now contain a lai^er amount of 
liquid sewage produced by the omnipotent main sewer. In 
some of our streets during the hot season it is hardly safe, 
or at all events not pleasant to walk. Our windows must be 
closed, and the chance of purifying onr homes during that 
seascoi at least is impc^ble, for to be safely free from 
external and internal influences would involve practically an 
hermetically sealed dwelling, an obvioas impossibility of 
course, but in the direction of which much improvement 
can be made. 

Every one of us in London at least must be familiar with 
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the process by vbich, under the burden of high taxation, we 
are landed in this unfortunate position and rendered itn- 
potent in our own defence. 

Under such cirdUDstances as those we have described, the 
duty is imposed on each householder or his landlord of 
undertaking the compulsory px^cess of effecting a junction 
with the main sewer. Bach an operation shotild bo performed 
with the greatest accuracy, and not only must the mecha- 
nical effluvia traps be perfect, bat the junction drain itself 
unimpeachable in its perfectness. In a majority of cases, how- 
ever, this is a mere fandful estimate of what should be a stem 
practical &ct Eonses borriedly constructed on light, spongy 
soil, unprovided with stable foundations, readily settle, and 
in their gravitation dislocate the too flimsy junction pipes by 
whose agency all the sewage of every dwelling is disposed 
of^ The whole machinery by which this most important 
duty is performed is faulty and dangerous. The hurried 
trench, almost always on made soil, is dug, and on it is placed 
a socket pipe, and the work again speedily covered over, 
these things being necessarily expeditious in character, for 
the pavement or street traffic must not be interrupted. Or 
the tenant is coming in at once, and thedrain must be finished. 
The imperfection of such work is for a long time undis- 
covered, as any leakage is absorbed by the soil, and no 
injurious indications are apparent until after the absorptive 
properties of the contiguous ground are exhausted — until, 
in fact, the unavoidable congestion arises. The stoneware 
pipes are not accurate or reliable enough for so important a 
purpose. The process by which they are manufactured is 
ioconsislent with true accuracy of form, and although some 
of the qualities of sewer pipes are creditable to those hy 
whom they are made, it is impossible as a general rule to 
attain the necessary perfection in the sockets. When we 
consider the numerous joints required to accomplish the 
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most ordinary bouse junction, any failure in their procisioa 
must result in the consequences we have endeavoured to 
deBcribe. It is practically impossible to attain accuracy of 
form in the passage through the kiln of such goods as sewer 
pipes, for even iu the more advanced stage of the potter's art, 
when the production of common terra-cotta is desired for 
arctutectuial embellishments, great difficulty is enconntered 
and the best selected results fail to accomplish what is much 
desired. Indeed it would almost require the painstaking 
industry of a Wedgwood to realize such an object. Other 
means by which we can reach the goal when honestly sought 
for is through the agency of Portland cement. 

Gennany, France, and countries in the New World hare 
called in the aid of Portland cement concrete for sewers and 
drains. Through the agency of " Baton A^lom^i^ Syst^me 
Coignet" many handreds of miles of drains have been 
executed in France, and although that system cannot directly 
compete with our Portland cement concrete, owing to the 
greater cost incurred in its preparation, still it shows advan- 
tages over brick and pipe drains, not only in price, but 
quality. In the United States drain pipes have been made 
of cement concrete for some time, and so important and 
beneficial has this application proved that special machinery 
has been devised for their manufacture. In Brooklyn Citj 
something like two hundred miles of these concrete pipes 
have been laid, and with such success that it is r^arded 
as the bestrdraiued city in the United States of American 
It must be mentioned, however, to show with what dis- 
advantages this drainage has been cfTected, that Portland 
cement from Elnglaud was used for the concrete, in conjunc- 
tion with Bosendale cement, of much local celebrity. It is 
found that a judicious combination of these two cemente 
results in a compound of much and unusual value. 

The name of this cement originated irom the fact of ite 
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fiist discovery being made at Rosendale, Ulster Couoty, 
New York. It is obtained from a water limestone deposited 



in a series of beds bigbly contorted and complex. Like tbe 
lias formation of this coantry, it exhibits on analysis mnch 
difference of chemical valae in the varioas beds, and their 
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ftocorate and careful blending by tbe manafactarer is in- 
dispensable to the SQcceasfnl fabrication of a good cement. 

Ad average of ten sampleB &om separate beds of this 
cement or limestone gives on analysis as follows, the specific 
grayity being 2 ■ 8 : 

tiilica, cUj, and inBolable EilioatQ 23'S3 

AJdmuui 4'53 

Peroxide of iron 2'M 

Cubonsteoriiioe 36-75 

Oubonat« of magnena 27-03 

Bnlphurio Mid 0-81 

Chloride of potwdam and lodiani .. 4'36 

Wateruidlcoa 0-17 

Extensive works, shown in Fig. 61, have been established 
on the Thames, at East Crreenwich, by Messrs. Hodges and 
Butler, who mannfactare drain pipes and other sanitary 



appliances by the American machinery, for which they hold 
the English patent. The prodace of these works, more 
especially of the sewage pipes, is of the most satisractory 
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character. The pipes are socketed, but with flush joints, and 
as no disturbing inflnence arises after they are moulded, 
they continue as true in line as when they left the mould in 
which they were pressed together. The operation of ipould- 
ing is performed in a careful and effectual way, and only the 
necessary moisture to ensure cohesion by the impinging 
rammers of the machine is used, so that no waste of the 
soluble portion of the cement is permitted or possible. 

In Figs. 62 and 63 are represented the two machines used 
in this manufacture, by the aid of which the accurate 
pipes and other objects are made. Fig. 62 is the machine 
into which the neccRsary and proportional quantities of the 
several materials are put, which by its action are properly 
mised. In preparing the flints or other suitable stones to 
mix with the cement, great care is bestowed on their reduction 
by the agency of a Blake's stone-breaker, and the fine dust 
incidental to the crashing operation is carefully excluded, as 
well as any clayey or loamy particles. The machine is 
driven by bevel gearing, which imparts to the spindle on 
which a knife or knives are fixed a rotatory motion, and when 
the materials are sufficiently amalgamated they are with- 
drawn through the lid at the bottom, as seen by the sketch. 

Fig. 63 is the converter of the previously mixed materials 
into the desired pipe, slab, or other form. Underneath the 
framework of the forming machine is the mould block, for 
making a pipe, and in the space between each the materials 
are carefully placed iu the proper quantity, on which the 
rammer is made to act, rotating at steady and measured 
intervals until the space is filled, after which the top of the 
pipe receives by a collar the required split for junction. 

Different adaptations of this simple mechanical arrange- 
ment enables the operator to make slabs of varied forms, as 
weU as elbows, junctions, and other shapes of the most com- 
plicated character, as shown in Fig. 64. 
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In due cootse the pipe so accmately pnt togeUter is 
diluted in a solotion of prepared silicate, thoa hastening 



the hardening process of the cement, besidea increasing its 
ultimate strength. 
The advonti^ea vhich pipes thus carefully oioalded 
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possess over the in^;iilar and unsatiBfactoty stoneware 

pipe is veiy great. The flnsh and even joints, both inside 

and out, render any stoppage in the drain impossible. The 

Fm. 66. 
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irregalarity and nneveimeBB of the stoneware or clay pipe is a 
fertUe aotuce of iDconTenience and waste. It is absolntely im- 
possible to render the joint of stoneware pipes either sound or 
capable of resisting the tendency to clog from pieces of timber 
getting into the crerices. Id such cases the damage caused 
is incalculable. Neither are they water-tight under the best 
conditions of manofacture and laying. On the other hand, a 
silicated concrete, or stone pipe carefully made by these 
machines, is equal in its joints to the most carefully cast 
iron pipes. The sockets can be so accurately joined to- 
gether that it is almost impossible to distinguish where the 
joint has been made. In experiments made to test the value 
and strength of the connection, it is foond that the pipes 
will break more readily in their length between the joints 
than where the cement co^ects them together. Two pipes 
cemented together for some time, as shown in Fig. 65, have 
been submitted to a tensile strain, and their separation has 
not been effected even with a depended weight of a ton and 
a quarter. Their fitness to sustain the pressure of a head of 
water has been fully proved by an erection of thirty feet in 
height of pipes filled with water remaining perfectly tight, 
without the slightest indication of leakage or percolation, 
either at the joints or in the body of the pipes. 

Another and most important property of the silicated 
pipe is its capacity to resist the action of gases and acids. 
In this direction there can be no question of its involner- 
ability to acid action, for in paper works Portland cement 
concrete is used in the construction of alkali vats, for which 
it has bew snbstitated for York landing. Some years 
ago we submitted a slab of cement concrete made with 
gritatone to the influence of a chlorine bath for a fortnight, 
without its being damaged. It was desirable to obtain readily 
and at a cheap cost a large quantity of shelving, to be used 
in a new process at a Lancashire alkali works, as asubstitate 
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Webb slate, vhich at that time was in the reqaired 
"kiitit^ nnattainable. The antbor was consulted on the 
Ject, and when the parties interested were abont to pro- 
ed with the mann&cture of concrete slabs, a new slate 
eld was discovered from which the necessary qcantity of 
sheWing could be quickly obtained. The slate was at once 
capable of being nsed, and as time was an object, the in- 
tention of using concrete slabs was abandoned. We then 
felt, and our opinion remains to the present time unaltered, 
that but for tbe fact of the difficulty being overcome 
by tbe substitution of concrete for slate slabs, the cost of the 
latter would have been quite doubled. So much, then, for 
the protective influence of Portland cement. 

Pipes made of Portland cement concrete will, when tbe 
conditions of mann&cture are accurately performed, exceed 
in strength or capacity of resisting shock or pressure the 
best made stoneware pipes. For the purposes of extra 
jonctionB after being laid these pipes afford tbe most perfect 
facilities, as they can be bored without endangering the 
pipe itself, or disturbing its position in the smallest degree. 
Again, if damaged by any cause, they offer great facilities 
for reparation by tbe most ordinary class of unskilled labour ; 
and, above alt, when stoneware pipes, clay pipes, or vitrified 
pipes are subject to the deteriorating influences of sewage 
gases and other injurious action, tending ultimately to 
their disintegration and destruction, those made through 
the agency of Portland cement continue to indurate and 
improve in value. The maximum value of all these kiln- 
bomt wares is attained at the completion of their manu- 
facture, and anyinjurious influences which they may encounter 
result in a depreciation of their normal or original value, 
Portland cement concrete, on the other hand, improves in 
strength, and we are yet ignorant of the period at which this 
improvement ceases. The process of induration is con- 
2 u S! 
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stantly in opetatioo, and is inBuenced by the quality of the 
compound, and to some extent also by the ciFoomstanceB 
by which it ie surrounded. In aewer works or for drainage 
parpt»es tbe conditions for the improvement of concrete 
pipea or other of its structural combinatiouB are laroorable, 
for without the necessary moisture to perfect its ultimate 
crystallization, concrete cannot reach iia highest point c^ 
value. 

The numerous forms of bends and junctions can be readily 
moulded with the greatest accuracy, and in fact any desired 
shape of block or pipe is easily accomplished. The potter in 
dealing with the plastic materials of his process, assisted by 
the most perfect machinery, is unable to accomplish with 
anything like the same degree of facility or precision what 
the manipulator in concrete can without any effort eBect. 
When the potter's task is completed, the produce of hia 
handiwork is only entering on the dangers of its path. The 
crucial operations of drying and burning have yet to be 
performed, and all the accidents incidental toitsmanu&ctare 
and transit have to be encountered. The concrete pipes, on 
the other hand, may ba made at any point where a sufficient 
quantity is required to warrant the establishment of a manu- 
fi»;tory ; and thus cost of carriage may be reduced to a 
minimum. On the other hand, stoneware pipes can only be 
produced in the districts where the proper quality of 
materials for their fabrication exist, or where at least they 
can be commanded at reasonable cost. These conditions, in- 
separable from such a manufacture, result in a localization of 
the trade, which in this country is limited to a few favoop- 
ably circamstanced localities. 

In the woodcut. Fig. 66, is exhibited a view of some more 
of the products from these works, in the shape of pipes, 
junctions, paving slabs, &c. Two 12-incb pipes support the 
weight of twenty 2-incb slabs, 3 feet x 2 feet, and the junction 
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pipes on the top thereof or a weight equal to about 30 owt, 
a preasure which they could not onder any circumstance be 



called apon to Hustain in practice. On being firfit laid, even 
a few weeks after leaving the moulding machine, these pipes 
are competent to resist the abo?e pressure, but afterwards 
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they improre in hardnees, and the limit or measore of this 
oontiuuone induration is the final crystallization of the com- 
pacted mass. Accuracy of amalgamation of the materials, 
and their jndicioos selection, will, as a matter of ooorse, 
iiifliience the ralae of the products, for the machine can only 
ensure their true mechanical concretion. 

An application of cement cylinders instead of iron fcff 
docks, wharf walls, and other similar purposes, has been 
executed with the most satisfactory results. Mr. Mflroy, 
under the direction of Messrs. Batem^ut and Deas, liaa 
constructed brick cylinders, set in Portland cement, at 
Glasgow in a new wharf or quay wall of the harbour. The 
adoption of ihe brick cylinder in this instance was doe to 
the circumstance of bricks being at that time nnnsaally 
cheap, but an extension of the wall has been made in 
concrete cylinders, as bricks have doubled in price since the 
time of the first erection.' Mr. Milroy, in conjunction with 
Mr. J. W. Butler, has for a long time advocated this system 
of cylindrical or columnar foundations, and the means and 
appliances they hare designed for the succesaful execution 
of such works are most ingenious and satisfactory in char 
racter. Brick cylinders have been used for veils in India 
from a very remote period, and indeed in this country 
similar applications in a rough and careless manner have 
been made for well sinking, more especially in the mnil 
districts of England. These works must, however, be re- 
garded as very insignificant in comparison with the opera- 
tions conducted by Mr. Milroy, whose words we will use 
to describe their nature and extent. 

"The Plantation Quay is founded on a hundred brick 
cylinders, sunk in a continuous line close together, so as to 
form a length of 400 yards of quay. The wells are 12 feet 
in external diameter, and 2 feet 4 inches thick, thus having 
an internal diameter of 7 feet 4 inches. Their shape is 
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circular, except at ttie points of contact, where they are 
formed with ' a tongne and a grooTe,' that is, with a sqnare 
projection on one side, and a ooneeponding recess on the 
opposite side, alternately fitting into and sliding down the 
adjoining wells. The cylinders thus form a continuons wall, 
and the ground behind is protected &om the distorbing 
action of the tides. This arrangement was soggested by 
Mr. Uandolph, chairman of the Works Committee, in place 
of the wroaght-iron tongue which was originally proposed." 

In the further description of this work we will follow Mr. 
Milroy, with the explanation that the whole detail is equally 
applicable to the construction of the same form of cylinder 
or well in concrete. 

Mr. Milroy, after describing the arrangement of platform, 
gantry, and steam appliances, proceeds as follows : 

" On this platform the rings or annular sections of brick 
cylinder were moulded in frames of suitable size, constructed 
of wood, in four sections, bolted together. The woodwork 
consisted of two or three ribs, each of three thicknesses of 
Ij^inch planking, formed to the circle, naUed together and 
lined with 1-inch boarding. They were shaped with a recess 
on one side, and a projection on the other, to form the 
tongue and groove already spoken of. Annular layers of 
wood of the shape of the rings were fixed down to the plat- 
form, in order that their onter edgee might keep the &ames 
in place, while their inner edges served as guides in shaping 
the eye of the rings in building up the bricks. Four holes 
4| inches square were formed in the heart of each ring at 
eqoal intervals by means of mandrils set in sockets in the 
platform, for the purpose of cementing and jointing the rings 
together. When a &ame had been fixed in place, bricklayers 
proceeded to build up the ring inside with bricks and Port- 
land cement, using the cement freely so as to produce a smooth 
coating on the outer snr&ce of the cylinder, to reduce the 
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friction in sinking as much as possibly Each ring consnined 
nearly 2000 bricks: they were of tke ordinary, instead of 
the radiated shape, which, had time permitted, would have 
been preferred as efifectlng a saving in cement. The cement 
with a view to strength and quick setting, was mixed in the 
proportion of 1 cement to 1 of sand. When the brick- 
work had partially set, the screw bolts which secured the 
sections of the frame together were miiastened, and the 
sections removed. The rings were allowed to stand at least 
five days to consohdate thoroughly, and they coold th^i be 
moved, either to he fixed in place or to be stored ap for 
future use. It was 2 feet 6 inches high, and weighed 
between 9 and 10 tons. About 1200 rings, or about 3000 
lineal feet of brick cylinders, were manufactured in thn 
way, being about 8000 cubic yards, or about 11,000 tons 
of brickwork. Though only fourteen frames were used io 
moulding this mass, they kept their shape to the last, and 
were otherwise perfectly serviceable at the completion of the 
work. The removal of the rings was efifected by means of 
the small traveller commanding the frame platform, which 
deposited them on a lorry ; the lorry ran on rails up to the 
line of the cylinders, where the lai^e traveller placed them 
in position." 

What a wide field is opened up by this ingenious system 
of building, and it must eventoally supersede many of the 
iron structures of which too free a use has been made of late 
by engineers. Architects seem to have run mad in the use 
of wrought iron in many erections for which it is inapphcahte. 
The more durable cast iron seems now to be in the shade for 
structure purposes generally. 

In the many applications of concrete for engineering and 
other works of construction, great advance has been made of 
late years, not only in the originality and boldness of the 
designs executed, but more particularly in the quality of the 
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work itselt In house building, a more healthy system has 
become developed, and instead of a confiding belief iu tames 
and other contriTances for the magic creation of all sorts 
and kinds of edifices, a more common-sense reliance has 
arisen for a good cement as the first condition of snccess. 
First secore that most necessary ingredient, and all suc- 
ceeding endeavours will be safe and sure, for without it 
Uie most elaborate designs and cunningly devised machines 
will be worthless. 

We do not purpose to discues the house construotiTe aspect 
of the cement question, for sufficient information has daring 
the last ten years been offered for the guidance of those 
desirous of building concrete houses. If we were to enumerate 
the various novel and recent applications of this material, 
the space at our command wonld be altogether insuffi- 
cient. We cannot, however, refrain from alluding to a 
useful adaptation of concrete in the construction of a chimney 
shaft It was erected at a cement works at Stuttgard, the 
height it was carried up being thirty-dx metres. The 
chimney was required in the enlargement of the works, and 
not only was it built in cement, but all the foundations 
necessary for the new building were made of the same 
material until they reached the ground level. The prc^Tess 
made was one metre per day, and the smoke and beat from 
the various flues were passed through the chimney a few days 
after its completion. The mould used had the necessary 
tapering, and was externally of wood, the inside being sheet 
iron connected in a proper way by bolts and screws. It was 
one metre high and was moved each day. The cost was 
about 2401, At the junction with the flues, and until it 
reached the first set off, the interior was lined with fire> 
resisting briolu. A portion of Boman cement was included 
in the concrete mixtures to hasten its induration — a very 
doubtful proceeding from our point of view. 



3dbvGoOg[e 



SOIEHCR AMD ABT OF P0BTI>A1ID OEHBHT. 



CHAPTER XXII. 

CoTuittaion. 

OOKSEBTATION OF LAND AND WATEB. 

Those outside of the constmctiTe circle are now becoming 
Camiliarized with the various uses to which coucrete is 
applied. Id neatly every direction works of one kind or 
another are bwog constracted, and whether it be the visitor 
at his sammer seaside resort, the inland tourist or the citr 
inhabitant, all have opportunities of witnessing its varioas 
adaptations of sea-walls, docks, harbours, sewerage, aqna- 
rioms, and dwellings. Oor streets and pavementa are no 
less matter for observation, and unfortunately in many in- 
stances the Londoner's patience is sorely tried by the con- 
tinuous experiments in search of the still unsolved problem 
of the best material for paving. Notwithstanding this in- 
crease of concrete stractures, much yet remains to be done ; 
and when the still desired improvements in the manipnla- 
tion of the materials are reached, the system must attain a 
position the extent of which we dare not venture to predict. 

Our sea-girt isles, battered and bleached by violent gales 
from every quarter, snfTer incessant degradation &om the 
mechanical force of the storm-tossed sea, and if we were not 
familiar with the extent of damage caused by this nnceasing 
agenoy, we have only to refer to historical evidence to 
ascertain tlie extent of land thus fQcbed from our unguarded 
shores. Their future protection from this ineidious destroyer 
is of easy accomplishment by the aid of concrete waUing, 
which also could be applied more extensively to the reclama- 
tion of sea and esturial marshes. 
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Leaving one coasts, and proceeding inland, we find that 
the question of water storage remaina in a grosaly negligent 
condition. At the present time, when the water supply is, 
from its great importance, pressing to the front, and before 
its control becomes irrecoverably committed to the care of 
deep-well enthusiasts and their retione of experts, the snb- 
ject of oar rainfall and its advantages should be freely and 
sensibly considered. 

Kature's copious showers in oar perhaps too highly 
fovoored climate fall abundantly, and we negligently permit 
its waste by the absence of the necessary means for its con- 
servation. Not only is the loss in a domestic direction 
immeasurable, but the waste of our land through this 
neglect is almost equal in extent to that occasioned by the 
sea. The rain water, in the harried and unimpeded ruab 
to its natoral outlets of the ditch, stream, and river, carries 
with it the most fertile portion of our soils as well as a large 
amount of the costly manures of the fanner. This is a 
prodigal treatment not only of the natural agent, but the 
loss of the abstracted soil to which it imparts the moving 
impetns. ThiB compound waste might easily be prevented, 
and enough .water seemed for domestic purposes, leaving 
a surplus for irrigating operations and fertilizing the soil, 
which its careful impounding would prevent from irre- 
deemable loss. 

A series of covered concrete reservoirs, communicating 
with each other by the aid of pipes or tabes of the same 
material, and judiciously contoured on the catch-water prin- 
ciple, would change the face of this country, besides afford- 
ing relief to fever^ricken homes by a plentifol supply of 
water in their time of need. That the rainiall is more than 
ample for all moderate, and indeed extravagant wantfi, is 
beyond doubt ; and its periect utilization should no longer 
be delayed. It is needless in this place to discuss the 
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amount of raJDJaU, bnt we may refer back to page 56 of 
this book, where an example of contiuooua downponr is re- 
corded, sbowing that even id favoored Paris vater stormB 
are possibla Covered reserroire are now regarded as indiB- 
pensable for the ecoDomical storage of water, and at MoDt^ 
Boaris, in the immediate neighboarhood of Paris, an extensiTe 
one has recently been erected, ahnost equalling in dimen- 
HonB those of ancient Borne. 

Water storage in any latitade, miprotected from the sun's 
rays, and free to be acted npon by the powerliil natural fonse 
of evaporation, is a source of heedless and wasteful aztra- 
vagance. The neglect of such protection involves an in- 
crease of capacity to meet the abstraction thus encouraged 
so as to provide for in dry seasons the necessary supply. 
An examination of reservoirs so inconsiderately constructed, 
proves their unfitness to contend with emergenciee of pro- 
tracted drought. Usually constructed at high elevations 
in mountain gorges, or at the mouths of ravines, they are 
costly in character, and onder the most favourable con- 
ditions surrounded with ever-present danger. The state 
of these dammed-up artificial lakes during tempestuous 
weather is iiighly critical, but even that condition is lees 
dangerous — at least to health — than in exceptionally dry 
seasons, when the reduced volume of water becomes simply 
filthy. It is at such periods too when the greateet amount 
goes off by evaporation, leaving the diminished contents 
further polluted by the impurities belonging to the pore 
water thus naturally abstracted. 

The increasing scarcity of water in all directions, even 
from subterranean depths, should surely arouse the attention 
of the most apathetic to the coming danger, and encourage 
cooperation for general protection. It is only rain water 
after all ; the nearest and the farthest and the deepest source 
alike owe their supplies to Nature's all-bountiful supply. 
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The " Fool'a Paradbe " of the meaanreless ontponr from the 
" greensand," like the lon^herished iDezbanetible " chalk " 
supply, ere dow things of the past. Stinted crops, unhealthy 
and disease-stricken homes, are the undoubted concomitante 
of drought ; and the existence of both evils are due in a 
great measure to our continaed apathy and indiffereDce to 
the water^upply problem. 

In many districts the form of reservoir might assume that 
of caverns hewn in the moTutaic rock or hill side, and lined 
with concrete where deemed necessary. The contents of 
these receptacles, conveyed through concrete pipes, would 
secure also an on-sonned supply of water not liable to 
increased temperature, owing to the non-conducting cha- 
racter of its conduits. 

Stred and Boad Paving. 

Of the many varied and changing systems of paving for 

our streets, nothing very definite has yet been reached, and we 

are still undecided as to the exact values of one or the other. 

The existing plans now in the condition of test and trial 

may be thus classed : 

let. Afinerel. 
2nd. Oleaginous. 
3rd. Vegetable. 
4th. Metal. 
The first, the well-known macadam system, and granite and 
basalt setts of various kinds. 

Second. Asphalte of every quality, and various com- 
pounds of pitch and tar. 
Third. Wood, gwierally firs of foreign growth. 
Fourth. Iron, in tramways, curb-stones, and pavements. 
With the exception of macadam, all of these systems de- 
pend more or less for their stability on Portland or other 
cement concrete. 
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MacadsmiziBg is a species of concrete operation deficient 
only in the artificial binding agent, and its excessiTe wear 
and tear is due to the incessant disturbance and displacemoit 
of its component parts. Their conBtant action on and against 
each other produce, by attrition, a factor of distorbing and 
annoying character in the experience of as all. The " mao- 
adam " requires only therefore the mechuiical and chemi- 
cal aid of cement to perfect ito character. The wear would 
then only be limited to the sur&ce, and confined to the 
action produced by the traffic passing over it, and not 
increased by the wear and tear of its internal constituents. 

The nomerouB qualities of "setts" obtained ham variooa 
rocks, generally of plutonic origin, have had long and patient 
trials; but the desire to substitute for them aspbalte and 
wood indicate that they are defective in character, and 
generally unsuitable for the traffic of great citie& _ Asphalts 
has bad much attention bestowed on it, and in some direo 
tions its anccesB has been tolerably satis&ctory. Heavy 
and incessant traffic, however, develops its weakness and 
illustrates the disadvantages attending the use of an elastic 
covering tinder such circumstances. If it were possible to 
maintain its normal surface free &om the distorbing in- 
fluences of contraction and expansion, the wear and tear of 
such a material would be comparatively light. When, how- 
ever, it is supported on a rock-like substratum of soond 
Portland cement concrete, its capacity of expansion is 
limited to a horizontal direction. The heavy traffic assists 
in this disturbing influence by flattening out^ or, in other 
words, stretching the carpet to an extent beyond its in- 
herent power of recovery. Hence the rolls or welts which 
ultimately crack and become developed into mts. So long 
as the surface of this or any other kiud of pavement can be 
maintained in a smooth and level condition, the possibility of 
degradation is, comparatively speaking, remote. Once break 
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tlie skin of tlie surface, however, and immediately all the 
mechanical and other destrnctiTe agents attack it merci- 
lessly, and its destraction is speedy and sur^ as the condition 
of Londcm streets too snrely prove. 

Wood paving is again coming to the &ont, and the only 
advantage it now posgesees over its unsnccesaful pioneer of 
former years is the concrete fomtdation. This is not, how- 
ever, an unalloyed advantage, for it imparts to the pavement 
an amount of rigidity &tal to that vertical elasticity which 
is neceesary to lessen the wear of the surface of the wood. 
Consequently the fibres of the cube are readily raptured by 
the action of the horses' shoes and the passing carriages of 
all kinds. Like the joint of the slab or flag on the pave- 
ment, and the rut on the causeway, this is the forerunner of 
depression, increased as every wheel passes over it, until it 
becomes at last dangerous to use. 

These various pavements are merely the precursors of 
what must eventually be the future pavement, namely, 
cnbes of Portland cement, either by themselves or in con- 
junction with some of the above-named materials. 

Manufadure of Cetwtiifor Speeu^ Wiwia. 
Portland cement has become so important a constractive 
material, and its cost now forms so large an item in engi- 
neers' estimates, that in many cases it would prove highly 
beneficial to make the cement on the site of the works or 
their immediate neighbourhood. In many cases this is not 
only possible, but, generally speaking, if the quantity of 
cement required is at all considerable, and especially in 
foreign works, it would result in much advantage. In one 
instance, in connection with the execution of extensive drain- 
er works at Buenos Ayres, the author was entrusted with 
the preliminary examination of the local materials and the 
ultimate supply of the necessary machinery to the mnnici- 
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pality of that city. The outfit foi this experimental wwk 
coDBkted of— 

2 portable eogineB, 30 horse-poner. 

3 pairs 4 feet 6 iuch millstones and Hurst.* 
' 1 brick-making machine. 

1 filoke's atone-breaker. ' 

1 Gtoodman's crusher and triturator. 

1 iron kiln. 

A galvanized iron house, 100 feet x 30 feet, to bold the 
machine, with apace sufficient to carry on operations under 
the dry process of mannfacture. 

The whole, after having been tested in England, and the 
nien who were to accompany it trained to the work, was 
dispatched from Liverpool early in 1874. Owing, however, 
to the outbreak of the civil war in the Argentine Republic 
nearly twelve months were lost before a start could be 
made. 

The whole waa placed by the President under the man- 
agement and ccmtrol of Mr. W. F. Beid, who auoceeded ia 
making a good Portland cement, which was used in the 
sewer works. The raw materials were difficult to obtain, 
and costly, although there are many sources from which 
they might be obtained at more moderate rates. 

The limestones and their analyses were as under: 
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^e analysis of th^ Toscas, from which the siL'ca "was 
originally intended to be obtained, were aa follows : — 

Noi. l.'Bnd 2 anBlfwd bj Dr. Fiankkud. 
„ 8 „ 4 „ Mr. J. J. Kyle. 

No. 9 „ Profeeaor BoMte. 



P 



1-a 

0-97|3' 
Sl-46|1 
I 
M-181 



».91| 



I 1 1 1 1 

SolvbU ^ Acid. 
\ 2-«7|10-24| .. I .. I .. |0-S3j .. I 

Iiuoluble M Add. 
|10-78| 1-S8| .. I .. I - |6-74[7-72| 

BolMtmAad. 
I 4-61| 9-071 .. I .. I .. |0-72| .. | 

IiitOtubla i» Acid. 
(13-68| 1-74| .. 1-1 .. |0-72[7-10| 

SolMimAcid. 
I 8-65| .. 145-75|1-80| .. | .. | - [l-Wj 

iBtolMi in Add. 
I 8-Wl .. I .. I .. I .. I .. I .. I . 

SoluN* m Add. 
1 6'00| .. |19-25;i'051 .. I .. I .. 11- 

fiaolMa in Add. 
115-981 .. 1 .. I .. I .. I .. I .. I . 
SalMtinJieid. 
85| 1'43| .. jSe-46| .. |0-0G;0'96j .. |0-13|0-49j 



'36 l'M| 0- 



|6-6S 



|6-M 



11 0-99| 



■ n ■■ I ■■ I • 



These Toscas occur in two conditions, one quality being 
nodular and hard, while the other is in a disintegrated state ; 
Nob. 1, 3, and S samples being of the former quality, and 
Nob. 2 and 4 of the latter. 
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Sutro Tunnd Analytes. 

In the beginnmg of tlie year 1874 the author was cod- 
Bulted by Mr. Sutro, the engmeer and cooBtnictor of this 
great nudertabiiig, as to the possibility of mano&ctaring 
Portland cement from materials in the State of Nevada. 
In consequence of the coetliness of labonr required to con- 
vert the timber necessary for the tnnnel operations, it was' 
considered advisable to snbatitnte concrete blocks for lining 
and in the formatitui of the water channels, a most important 
part of the tnnnel scheme. It was also intended to con- 
struct a concrete city at the month of the toimel, to meet the 
wants of an increasing population, drawn tc^tber hy the 
extensiTe mining operations of tbis highly favonied precioos- 
metalled district. Congress had, in furtherance of this 
scheme, given a grant of land for the purpose of building 
the city, which, in honour of the great engineer, was to be 
called " Sutro City." 

Nnmerous specimens of minerals were forwarded to Eng- 
land, and from which were selected the following samples, 
that, on being sabmitted to analyses, exhibited the following 
results : — 



t 



PP 



lis- 



424i 18-9 19-9 . 



I .. |16'5 Likechalk. 

I 4-9; 9-5 CijEtBUiDe. 

11-41 4-4 White clay. 

I ea 8-0 Bedclsy. 

' 5'6 8-7| Bine day. 

0-5 0-3, 1-3; Mine tailings. 

0-4! 2'9i 4-g Brick oUy. 

J L_ 
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A ricli store, from which do difficulty need be found in 
making, not only Portland cement, but other more valuable 
products. 

Ab an iostance of the earnest energy of Mr. Sntto, it may 
be mentioned, that after the author's flist interview with 
him, when informed what character of materiab were re- 
quired, in about three weeks' time they were placed in the ' 
author's hands: this celerity being due to the telegraph 
and " Pacific Parcel Express." 

Kv/nkw. 
An Indian carbonate of lime Used lately in the works <£ 
military constmctioD. 
Its analysis is — 

OubonAte <tf lime S7'01 

Silioeoiu daf i9'60 

OvboDole of magneais 2'79 

Oxide of iron and almnina 7'69 

Orgaiiia matter 1'27 



The treatment and manipnlation which this mild carbo- 
nate of lime undergoes at the hands of the native oon- 
trsctors appears to be destructive of its fitness for mortar. 
Disastrous consequences have resulted Irom its &ee use in 
the oonstructioQ of barracks in India, attributed by some 
authorities to the existence of phosphoric acid. It is not 
necessary, however, to look about for a cause, for its analysis 
too clearly indicates its want of energy for mortar purposes. 
When Lord William Bantinok was Qovemor-Geoeral of 
India he used the konkur in its natural state for road-making, 
and required it to be rammed or beaten, which resulted after 
rain in a hard cemented mass. 

ArUjioial Stones letter mited/or warm Olimaiei. 

In Peru and other countiiea having similar climates, it is 

found by experience that Bramley foil and other English 



3dbvGoOg[e 



4aU BOIKHaX AND AST OF FOBTLAND OBHSETE. 

boilding-stones become degraded. Where cement slabs have 
been nsed in connection with works of coDstraction in con- 
jnnctioo with English stones, they withstand the climatal 
influence iminjared. 

Proportiaru of Saw Materu^. 

In the discuseion of the r&rioiu raw materials and their 
anal^HiB we have not given accurate directions as to the 
proportions of raw mixtares, because it is impossible to give 
any precise formula where the value is so fluctuating and 
uncertain. Those who can ascertain the chemical value will 
have no difficulty in deciding on the correct proportions, 
bat for the information of less &vonred operators we give 
Mr. Lipowitz's roles, which will be found in a rough general 
way applicable for experimental purposes. 

The carbonate of lime taken by him as an Qlostrative 
example was musselchalk of the Rhine, the analysis of which 

was — 

CuboQste of lime 83-9 

Bilica 10-0 

Iniii oxide 1-5 

Hagneda 1-6 

Water 1-5 

The clay Irom Grenzhausen — 

Corboiute of lime 0*61 

BUioa 6820 

Alumina 20-0 

Potaah ^ 2-8S 

Ironoiides 1-78 

Hagneala 0*25 

Water 6*89 

A brown iron stone from the lidin — 

Inmozidee 50-5 

Water g-0 

Soda 10-0 
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The mnsselcbalk contains, in round numbers, 84 per cent, 
of pure carbonate of lime. These represent : — 

100 : 56 =8i : fl! . as =^^^p^= 4704 burnt Ume. 

If you require to make samples of cements of 55 per cent. 

chalk, then an addition to the 47 per cent. Ca. in the limestone 

45 X 47 
vonld be necessary of 55 : 45 = « . e = — r? — = 38*45, 

to make 85 parts of cement 

As the chalk already contains 13 per cent, of hydrates, 
namely, 10 per cent silica, 1'5 per cent alumina, and I '5 
per cent, oxides of iron, they must be subtracted from 38*45 
per cent., or say, in round nnmbers, 39 per cent. ; and if clay 
alone is added, 26 per cent of it will be required. But as the 
clay contains 68*26 per cent silica, 20 per cent, alnmina, 
1 -78 per cent oxides of iron, or about 90 per cent, hydrates, 

9 : 100 = 26 e . e = ?^-^^= 28*88 parts would have to 

be mixed with 100 parts of mnsselchalk. 

Since the above was written, considerable increase in 
concrete works has been made in paving and sewering at 
Newport, Isle of Wight, and b^shot in Surrey. 

When railway officialism descends from its lofty pedestal 
and ceases to torment the public, we might perhaps see its 
attention turned to the condition of the permanent way of 
their lines. If concrete was used the dust would be dimi- 
nished and the rolling stock preserved, as well as the 
comfort of the passengers increased. 
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Power. Wind Power, and the varioui methods of wotking and managing Ihem. 

Honsetaold I>aw-— The La« relating la Landloid* and Tenants, Lodgen, Setvanls, 
PutKbial Authotilies, Juries. Insurance, Nmianu, etc 

On Designing Bell Gearing. By E. J. Cowling 

Welch, Mem. Inst Mech, Engineers, Anihor of 'DesigniDg Valve 

Geariag.' Fcap. Svo, sewed, 6J. 

A Handbook of Formula, Tables^ and Memoranda^ 

fer Arckitaiural Surv^ort and alkers engaged in Building. By J. T. 
HUKST, C.E. Fourteenth edition, royd 33mo, roan, jj. 

" tt li no dlipannment to the mxnj excellent publicacioiu we rcrer to. to say that in our 
•^on diii lilile pa&ei-book o( Hunl't it the very best of Ihem nil, without any eioeplion. 

*Vfrftkar\\ixi anyone connected wiih building could lequiic, and, best of all, made up in a 
compact farm for carrying in the pocket, measutinc only 5 m, by 3 m., and about) in. thick, 
ia a limp cover. We cangraiuUte thfl author on ibe success of his laboriaus and practically 
compiled little book, whicli has received unqualiiiEd and dcHrved pnlse from every ptofes- 
liooal person to wluun we have shown \l."~Tlii Duilin Buiidir, 

Tabulaied Weig/Us of Angle, Tee, Bulb, Round, 

Spiari, and Flat Iron and Slat, and other information for the tue of 
Naval Architects and Shipbuilders. ByC. H. Jokdan, M.LN.A. Foutlb 
edition, 33100, cloth, u. 6d. 

A Complete Set of Contract Documents for a Country 

Lodge, compriKine Drawings, Specifications, Ditnensions {for quantities). 
Abstracts, Bill ofQuanlilies, Form of Tender and Contract, with Notes 
by J. Leaning, printed in racsimile oC the original documents, on single 
sheet* fcap., in paper case, lot. 

A Practical Treatise on Heat, as applied to tfu 

Useful Artii for the Use of Engineers, Architects, &c. By TkouaS 
Box. Wkk Uplalei. Third edition, crown Svo, dolh, 121. 6j, 

A Descriptive Treatise on Mathematical Drawing 

ImlrumenU: their constractioa, uses, qiulities, selection, preservation, 
and suggestions for improvements, with hints upon Drawing and Colour- 
ing. By W^F. Stanley, M.R.L Fifth edition, wiM «»»«««/ jy/ur/ra/ww, 
crown Svo, dotb, 5/. 
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Quantity Surveying. By J. Leaming. With 42 illus- 

tnUions. Second edition, revised, crown 8v«, cloth, 9/. 
CONTIHTS : 



A CMTpkM 



bpluuiiOB of Um LoDdoa 



OrdBof TiUdiOC 

Modo of HeuumHni of ihc nriout TndcL 

Um uid Wuts. 

VeBdladoB und WarrniDg. 

Credia^ -mMb mkui Eiunnla ofTruDDCDL 

AbbienatlaiM. 



triih F^'B"!^** in aimtruicHi of 



I of IVeunlilei to eidi Tndc. 

> KJ1 of Quuitilis. 
BiUofCrediu. 



Schcduli of Ncd. 

Form of SdiedDto of Frico. 

Aiulir^ of Sckodnlc oC Priet*. 



Reinulu OB Spedficuwo. 

Frica ud ViluuioB of Vaik, iriA 

EivnpJcf ud Rtnarict upoD adl Tndc. 
Ths Law u il oHccti Quutitr SumjHi, 

wilh Law Renua. 
TildoE Offafts 111* Old Ueihod. 
Nonhen Pnctice. 
The Genenil SottacM of the Metlwd* 

ncDmracDded b; Ihe HudieMa Sodclr 



<□ ihc Pan *od Prkbi UctboU 



Spans* Architects' and Builders' Price Book, with 

tueful Mtmeranda. Edited W W. YoUNC, Archit«L Ciown Sto, cloth, 
red edges, y. 6<f. Publiiked annualfy. Sixteenth edition. New rea^, 

Long-Span Railway Bridges, comprising Investiga- 
tions of the Comparative Theoretical and Practical Advantages of the 
various adopted or proposed Type Systems of ConstmctiDn, with numerou 
Fannnlae and Tablet giving the weight of Iron or Steel required in 
Bridges from 300 feet lo the limiting Spans ; to which are added amiUr 
Investigations and Tables relating to Short-span Railway Bridges. Second 
and revised edition. By B. Bakek, Assoc Inst. C.E. i'j^to, crown 8to, 
doth, 51. 

Elementary Theory and Calculation of Iron Bridges 

and Ruefi. By AUGUST Rittbr, Ph.D., Professor at (he Polytechnic 
School at Aix-la-Chapelle. Translated from the third German editian, 
by H. R. Sankby, Capt. K.E. With 500 Uluitratiom, Svo, doth, 15J. 

The Elementary Principles of Carpentry. By 

Thokas Tkbdgold. Revised from the original edition, and partly 
re-written, by John Thomas Hurst. Contained in 517 pages of letter- 
press, and iltuslraltd wilh i,^ plattt and 150 wocd engraving. Sixth 
edition, reprinted from the third, crown 8vo, cloth, i - " 



_.. ..B Equalily nod Distribution of Forea — Sedioo ... 

Timber— Smioii III. Consmiciion of Floor.— Section IV. Conimieiion of Rooft- _.. 
■Ion V. CoDitniction of Uomes and Cupol"— Section VI. Conittueiioo of Pulillmi— 
Seclioo VII. Sufloldi, SlaeinE, and CinlHos— Seel^n Vllt. ConicnictioD of Cenlru for 
Bridcet— Soclioo tX. Caffa-duis, Shoring, and Slruldni— S«[ion X. Woodea Bridfct 
and Vliduct^Scction XI. JoinU, Slnpi, ud other Failcmngi—SccliDn XII. Timbei. 
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The Builder's Clerk : a Guide to the Management 

of ft Builder's BosLncu. By Thouas Bales. Fcap. Svo, do^ u. 6d. 

Our Factories, Workshops, and Warehouses: their 

Smita^ aud Fire-Resistiag AiTEUigemenU. "By B. H. ThwaTTB, Akoc 
Mem. In*L C.E. iVU\ 183 weed tngravingi, crown Sto, clotb, 4'- 

Gold : Its Occurrence and Extraction, embracing the 

Geographical and Geological Distribution and the Mineral ogical Charac- 
ters of Gold-bearing rocks ; the peculiar featorei and modes of working 
Shallow Placers, Riven, and Deep Leads ; Hydraulicing ; the Reduction 
aud Separation of Auhferous Quartz ; the treatment of complex Aurifeiotts 
ores containing dther metals ; a Bibliography of the subject and a Glossary 
of Technical and Foreign Tenns. By Aukkd G. Lock, F.R.G.S. H'M 
Humerew iUmWaiient and maps, izjo pp., super-ioyal Svo, 'cloth, 
U. 121. 6J. 

Iron Roofs : Examples of Design, Description, fllus- 

InUedwiik 64 Weriing Drawingi of Extntltd Roofs. By Arthur T. 
Walmislby, Assoc Mem. lut C.E. Second edition, levised, imp. 4to, 
half-morocco, 31L y. 

A History of Electric Telegraphy, to the Year 1837. 

Chiefly compiled from Oiiginal Sources, and hitherto Unpublished Docu- 
ments, b7 J. J. Fahib, Mem. Soc. of Tel. Engineers, and of the Inter- 
national Society of Electricians, Paris. Crown 8to, cloth, 9/, 

Spons* Information for Colonial Engineers. Edited 

by J. T. HdkST. Demy Svo, sewed. 
No. I) Ceylon. By Abkahau Dramb, C.E. 2/. 6</. 
CONTBNTS : 



No. 1. Sonthem Africa, including the Cape Colony, Natal, and the 
Dutch Republics. By IlBNRy Hall, F.R.G,S., F.R.C,L With 
Hap. 3t. M 

CONTINTS : 
Gownl DucrlpdoB of South Abioa — Fbytical Geograpky with nCemice to EaniiecrinE 
OpnuioBi— Nmu OB Labour uid UiicrUl in Cipa ColoDy-^alogiul Noi« aa Rotf 
Fonulioa in SoDih Afrk*— EnniuKriDg iBstnimaiu Tor iTia in South ATrica— Pimapal 
Public VodLs in Cape CoIodt : Itulwan, Monnnin Rsadi ud Fum, Hubour Wo^ 
Btldni, Ga* Wnriii, IirieatiDo ami Wata Suinly, Lltfalbouia, Dralnui ud Saoitarr 
Eagiaaiini, Public Buildingi, Miaa— Tabit of Wudi To South ATriea— At^mali uicd foe 
Cnught Puipouv— Stuiiiical Nota— Tibls of Dlitanco— Riiei ofCuiiage, cle. 

Ho. 3. India. By F.C.Danvbks, Assoc InsLCE. With Map. ^t,6d. 

COMTENTS ! 

itsUlr 

BuiMin,. . 

I — GlossaiT of Indian Tcfms, €t 
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A Practical Treatise on Coal Mining. By George 

G. AhdrA, F.G.S., Assoc Inst C.E., Member of (he Sodetf of Engineen. 
With 83 lilhegrafhit plata. 3 Tok, lojal 410, doth, 31I lu. 

^ Practical Treatise on Casting and Founding, 

mdodiDK dacriptioni of the modern mubinetj emrdned in the ut. B; 
N. E. Spkitsoh, Engineer. Third edition, with U pl«ta drairn to 
■cile, 412 pp., demy 8to, cloth, t&i. 

The Depredation of Factories and their Valuation. 

B; EmNC Mathesoh, M. Imt C.E. Sip, doth, 6t. 

A Handbook 0/ Electrical Testing. By H. R. Kempe, 

M.S.T.E. Fourth edition, revised and enhu^ed, crown 8vo, doth, ifw. 

Gas Works : their Arrangement, Construction, Plant, 
ud HMhineiT. By F. Colvkk, M. IniL C.E. mi %xfeUaigfl^a, 
Svo, doth, 341. 

The Clerk of Works: a Vade-Mecum for all engaged 

in the Superintendence of Building Opentions. Br G. G. RosKitrs, 
F.R.LB.A. Third edition, fop. Svo, doth, w, 6A 

American Foundry Practice: Treating of Loam, 

Dry Sftnd, ftnd Green Sand Moulding, tod contuninfr « Pncctiul Treatiie 
upon the MBoagement of Cupolas, and the Melting of Iron. Bj T- IX 
WEST, PractiCBl Iron Moulder and Foundrv Foreman, Second editioo, 
viilk Humtrna illmtrations, crown Svo, doth, 101. M. 

The Maintenance of Macadamised Roads. By T. 

CoriRiKGTOir, M.I.C.E, F.G.S., General Superintendent of Comity Eoads 
for Sooth Wales. Svo, doth, 6r. 

Hydraulic Steam and Hand Power Lifting and 

Praiing Maekintry. By Fredrick Colves, M. InsL C.E., H. Di*t M.E. 
With Jiflala, Sro, cloth, tS^. 

Pumps and Pumping Machinery. By F. Colyer, 

M.I.CJI, HXM.E W^ a^fildiHgplatei, Svo, doth, lai. id. 

Pumps and Pumping Machinery. By F. Colyer. 

Second Part. Wilk 11 largt plain, Svo, doth, 121. f>d. 

A Treatise on the Origin, Progress, Prevention, and 

Curt of Dry Rot in Timbtr: with Remarks on the Means of Preserving 
Wood from Destruction by Sea- Worms, Beetles, Ants, etc By Thomas 
Allen Britton, Ute Soiveyor (o the Metropolitan Board of Works, 
etc., etc. Wilk 10 flattt, crown Svo, doth, •]». 6d. 
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The Municipal and Sanitary Engineers Handbook. 

B]t H, Percy Boulnois, Mem. Inst. C.E., Boroogh Engineer, Ports* 
month. With numtrem illuilratium, dcmji 8vo, doui, lu. &f. 
CoNTSNTS : 

3ulia oT il 

of Seven— Diapoul of Scwas^Houia Dnliun— DiiiniwilOB^^Gu ud 
" * * ~ ' ■mem tt PiinM SuwU— Bmnwlng 



>-^Ajtu«u' and Labourov Dwelliagr— Pubhc rnnTiinii iim ■ TriiiinLJiil. indudiag 
OcUHiig— Wueriog ud ihi Ramanngar Soow— Ptulhie StrHl Trees— Dcposii S 
■Dugerou Bditdian — Ho*rdli«i— Obdiuctienr— ImproriDg Sueei liDH—Cellg 
c>— AibBc Pleuon Cfoundi— Cemeieriei— Ugituuiei- CittTc 



Owningi RiMe Pleuon feoundi-^cSneierta— Sottueriei- C« We utd Ordin»rv UukeU 
— FubM_SUutkt(r4ciiiHi, uc— GMng BDmemiu Formi ot Noilcei. SpeciflubDnv lid 



G«enl laronuiian npoo (boe ud other mbiecU of erse unninuica u Uoaidpat Eiui- 



Metrical Tables. By G. L. Molesworth, M.I.CE. 

33100, doll). If. &/. 

CoKTum, 

Geiwnl— Uhu Hiunn-Sqiun MmuM-CuWe M ttwiiu MewBte* rf C^ialj— 

Elements of Construction for Electro- Magnets. By 

Connt Th. Di; Moncel, Mem. de I'lnstitiit de Fitncc Twxslated &om 
the French by C. J. Wharton. Crown 8vo, cloth, 4<. &/. 

Practical Electrical Units Popularly Explained, with 

numtma Ultulraliem and Kemarks. fo JamI3 Swihburnb, late of 

tW. Smn and Co., Parii, late of Bnuh-Swan Electric Light Company, 
.Sj^ iSmo, doth, u. 6d: 

.(4 Treatise on the Use of Belting for the Transmis- 

tion 9/ Fiimr. By J. H. COOPEK. Second edilioD, iUiutraUd, 8*0, 
dotb. 151. 

A Pocket-Book of Useful Formula and Memoranda 

for dtnland Afeckatiical Enginttri. By GuiLFORD L. Uoleswokth, 
Hem. Inst C.E., Consulting Engineer to the Govenunent of India for 
State Railways. With mimirau illut^ratieni, 744 pp. Twenty-second 
edition, lefited and enlaiged, 3aroo, loan, 6t. 
Synopsis of Contents t 

SmnriBE, Leretling, elc— Screngcfa end Welftit of UueHab— Euthinrit. Brickauiti, 
* ' ic.-^lruti, Columiu, Beimi, and Truaee— Floonng, Roolmi, and Roof 



ridgei, ele.— Railwayi and Road»— Hydraulii 

WaUnirDiki, Dodu— rrtiialion and Bculiwiien— Gas, Venlilation. and WarmiaE— Heat, 
-' '- Colour, and Sound— CnY<ty ; Cenlrei, Foraa, and Pgwen— MIUirOTk, Teelh af 
1, Shafluii, eic. — Woiluhop Redpse— Suodry Machinery— Aniual Pawa — Si -" 



'Wind ud Wiodmiili- 



Steam Narisauon. Ship fiuitdini, Tonnue, eEc— Gunnerr- Pnjectitei, «Ic — Wei^u, 
Meanna. and HoDe]~-Tri(ani>m«r|r, Conic 5ecl[oai.ud Cuna— TeluraphT— Meuun- 
lign— Tablei of Aieai and Circumrcience, and Area of Cicdc*— LoEanlbnu, Square and 
Cube Rooti, Poven— Bedprocali, etc.— Uteful Ntimben— DlOeTenilal and lalegnl Calca- 



m and Formula, 
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Hints on Architectural Draugktsmatiskip. By G. W. 

ToXFOftD Hallatt, Fcap. 8vo, doth. It. 64. 

SponJ Tables and Memoranda for Engineers; 

selected and airviged by J. T. Hurst, C.E., Author of 'ArchtlectnnJ 
Simeyon' Htndbook,' 'Hnisfs Tredgold's Caipeatiy,' etc Ninth 
edition, 64100, Toui, gilt edges, u. ; oc in doth case, is, 6d. 
Tfais work [1 ptinted in a pcaii typci uid [» 50 uoall, mcAiunDi oalr *t in. by il in. by 
i In. thick, that It may be easily canicd in lbs waistcoat pocket. 

" It li ccrtainlr ■•> dcttsuelir ran thing for a nviewa to be oined uiioa to mtlec > voIubb 
aoinitioi; but al in. by i| i^, vet these aimensioaa faithfiiiiy r cpf mn c the aae of tlie iuadT 
tile booE balnea ui. The nlunc— lAieh csntalu iiB jeinted pasei, beudei ■ few Uulc 

'" '" ' le podcct..book, alUpled tor banc csRied la the w ' 

H unonnt and va-* '-■-'— ■— « 



A Practical Treatise on Natural and Artificial 

Concrete, Us Varielies and Canifrttclive Adaptatiatu. B7 HSHKY Rbii^ 
Aathor of the ' Science and Art of the Manuiactiire of Portland CemetiL' 
New EdiCiDn, ■adth 59 meetUuit and ^ filala, Sto, doth, 15/. 

Notes on Concrete and Works in Concrete; especially 

written to assist those engaged npon Public Works. By John Newuah, 
Assoc Mem. Inst C.K, crown 8vo, cloth, 4>. &/. 

Electricity as a Motive Power. By Count Th. Du 

MOHCBl, Membie de I'lnstitut de France, and Frank Gkraldy, Ii^^ 
nienr des Fonts et Chauss^es. Translated and Edited, with Additiotls, fcijr 
C. J. WHAftToN, Assoc Soc TeL Eng. and Elec. With 113 aigravaigt 
and diagrami, ciown 8vo, cloth, "ji. 6a. 

Treatise on Valve-Gears, with special consideration 

of the Liok-Motioos of Locomotive Engines. By Dr. GusTAV Zbukbr, 
Professor of Applied Mechanics at (he Confederated Polyledmiknm of 
Zurich, Translated from the Fourth Geiniaji Edition, by Professor J. F. 
Klein, Lehigh University, Betblebea, Pa. libutraUd, Svo, cloth, iti. 6d. 

The French- Polisher's Manual. By. a French- 
Polisher; contnining Timber Staining, Washing, Matcliing, Improring, 
Paintii^, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, Freoch-Polisbi^ Directions fbr Re- 
polishing. Tmrd edition, royal 32mo, sewed, hd. 

Hops, their Cultivation, Commerce, and Uses in 

variimi CtuHtria. By P. L. SiuuoKDS. Crown 8vo, cloth, ^, 6d, 

The Principles of Graphic Statics. By George 

Sydenham Clari^b, Capt Royal Engineers. IVUi 113 Ututtretimu. 
4to, doth, \%s. 6d. 
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Dytiamo-Electric Machinery: A Manual for Students 

of Electro-technics. By Silvanus P. Tuompson, B.A., D.St, Professor 
of Experiiu«DUl Physics id Universitf College, Bristol, etc., etc. Third 
edition, illustrated, Svo, cloth, i6f. 

Practical Geometry^ Perspective, and Engineering 

Drawing; a Course of Descriptive Geoinctry adapted lo the Require- 
ments of the Engineering Dra.ught&mn.n, including the dcterminiitioa of 
cast shadows and Isometric Projection, each chapter being followed by 
numerous examples ; to which are added rules for Shading, Shade-linir^, 
etc., together with praclical instnictions as to the Lining, Colouring, 
Printing, and general treatment of Engineering Drawings, with a chapter 
on drawing InstrumcBts. By Geokgb S. Clarkk, Capt. R,E. Second 
cdtlion, 101th i\ plaits. 2 vols., cloth, lor. 6^. 

The Elements of Graphic Statics. By Professor 

Karl Vom Ott, translated from the Germu) by G. S. Ci^RKE, Capt. 
R.E., Instructor in Mechanical Drawing, Royal Indian Engisecruig 
College. With 93 iiliulralicns, crown 8vo, cloth, y. 

A Practical Treatise on the Manufacture and Distri- 
bution ef Caai Gas. By William Richards, Deny 4to, with ntiffuri»/j 
■wsffd tiigravings aiui tg plata, doth, aSi. 

Synopsis of Contbnts : 

IniroducllDfa.— Hillary of Gai LiElitins^Chemislrv of Gu ManuCacIure, by Lcuis 

"liompioQ. £u]., U.R.C.S.— Cont, wTch Analyaei, by J, PaunoD, Lcirli TbompKD, ii ' 

. R. Hinlop. Esqri^Relort!, Iron ami Cby-'ReUR Sel-:-^ — "-• — "- "-■- '■- 



O. R. tllKtop, tx\n. — Rctorti, Iron ami Cuy — RetoR Scldnc— HrdnuliC' Main — Con- 
densen — Eihaiulen— Wiilurt and Scnibben — Puritm— Purification — Hlstoiy of Gu 
Hotdfr — Tank!. BHck and Stone, Compotilc, CanciRe, Gut-irOD, Confound Annular 
Wroughl-iron — Spedlicatlaiii — G» Holden — Station Meter— GovcrDor— DiilribulUm— 
MaJii5--GuMa(bemiticfi,DrFaraiulv[br the Distribution of Gai, byljCvUHtompson, Kw^- 
S erv ica— Cofifumtn' Mcien— Regulalon— Butncn— FiiiingP-PluKoiiicier— Oulu rlta^ou 
of Gai— Ait Gjs nnd Water Cji— CompoBilion of Cosl Gai, by Lcvrii Thompson, Esq.— 

Snilyacs of Gai'lniluencc of AlnKHplieric Pruiun aiKJ Tcmptralure on Oai,— Rnidual 
toducti— Appendii— Ducripcion of Retort SBttingi, SiiildinE^ etc, ilc 

The New Formula for Mean Velocity of Discharge 

of RiviTt and Cattail: By W, R. Kutter. Translated from articles in 
the ' Cullur-Inginieur,' by Lowis D'A. Jacksou, Assoc luiC. C.B. 
Svo, doth, lu. f>d. 

The Practical Millwright and Engineers Ready 

RKkvner; or Tables for finding the diameter and power of ct^-wheelsi 
diameter, weicbl, and power of shafts, diameter and strength of bolts^ etc 
By Thomas Dixon. Fourth edition, iimo, cloth, y. 

Tin: Describing the Chief Methods of Mining, 

Dressing and Smelling it abroad ; with Notes upon Arsenic, Bismuth and 
Wolfram. By Arthur G. Charleton, Mem. Atnetican Inst, of 
Mining Engineers. fVith flatet, Svo, cloth, ixs. 6d. 
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Perspective^ Explained and Illustrated. By G. S. 

Clarke, Capt. R.E. With iUnilralions, 8vo, cloth, Ji. &/. 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engiiieeia, etc^ elc By Thouas Box. FilU edition, 

Humlraus fhtia, post 8vo, cloth, %t. 

The. Essential Elements of Practical Mechanics ; 

bastJ 01! the Frinciple of Work, designed for Engineering Students. Bjr 
Oliver Byrke, formerly Professor of Mathematics, College for Civil 
Engineers. Third edition, viiih 148 ■a;ood aigravmgs, poat Svo, clotb, 
7J, bd. - 

Contents : 

Chip, f . Ha» Wotk is Mcuiired t>y a Unit, both with ind wiihont RfcrEiice la a Unk 
ol Time— Chip. I. The Work of Living Arcnu, the tnnuenc* of Priction. and inlndun 
one of the mul beaulirul Lows of Moiioa— Chap, I. The prinddu cipounded in the fira and 
iecsnd chnpters are applied lo Ihe Molian or Bodies— Oup. 4. The Tnnsniuian of WsiL by 
limple Muchino-Chap. J. UseCul Froposiiions ind Rules. 

Breweries and Mattings : their Arrangement, Con- 
struction, Machinery, and Plant. By G. Scamkll, F.R.LB.Jt, Second 
edition, revised, enlarged, and partly rewritten. By F. COLYER, M.LC.E., 

M.I.M.E. With 20 flates, Svo, dotB, i8j. 

A Practical Treatise ok the Construction of Hori- 

'jinlal ami Virlkal WaL-raihceh, specially designe*! for the use of upera- 
liv« mechanics. By William Cullen, Millwright and Engineer. With 
II plain. Sc>:ond edition, revised and enlarged, sinill 4)0, cloth, xu.lid. 



Rifr!;ers, tl!.; for the use of EnginEers. By Thouas Box. Third 
" " ■ '1, IsM. 



A I Practical Treatise on Mill-gearing, Wheels, Ska/is, 

"' ers, eU.; for the use of Engineer: " "" " — "" ' ' 

on, with \\ plala. Crown Svo, cloth, 

Mining Machinery: a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining, By G. G, 
ANiiIti, F.G.S., Assoc Insl. C.E.. Mem. of the Society of Engineers. 
Koyal 4to, uniform with the Author's Treatise on Coal Mining, con- 
taining 182 flalti, accurately drawn to scale, with descriptive teat, >a 
3 vois., doth, 3/. III. 

Contents : 

JIachinety for PtoipceiinB, EicavaliriB, Hauling, and HoUlinj—Vtntilalioii— Pumping— 
Trealmeni of Mineral Ptod^icls inclinlinE Cold and Silver, Copper, Tin, and Lead, Ina 
Coal, Sulphui, China Clay, Brick Eanh. etc. 

Tables for Setting out Curves for Railways, Canals, 

Kaads, etc., vatTing from a radius of five chains to three miles. By A. 
Kennedy and R. W. IIackwood. lUiiitrattd, 31010, doth, ai. W. 
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The Science and Art of the ManufacUtre of Portland 

Cematt, with obserrationE on some of its cooatrnclive applintioos. iVilh 
66 Uluitraliotit. By Henkv Rero, C.E., Author of 'A rractieal 
Treatise oa Cooctele,' etc., etc. 8vo, cloth, t8r. 

The Draughtsman's Handbook of Plan and Map 

Dravtingi indadinf instructions for the preparalion of Engineering, 
Architectural, and Mechanical Drawings. With Ttumrretu illiislrali^iit 
in /Ae text, and 33 plalei (ij fritiiid in colours). By G. G. Anoxk, 
F.G.S., Assoc. Inst. C.E. 4I0, cloth, 9^. 
Contents: 

The DrairinE Office and its Futni!Jimp— Ccomelrical rcablcrni -Lines, Dou, Ind ihcir 
ComliiniiiioiH-Coloiirs. Shading. Ul.crine. BoidtrinB, and Nonh Poinis-Seales-PloninE 
— CIvir Enrdncen' and Sunerm' Plans— &[iip Dr^iring— Mechanical and ArcUilccIuml 
DrawiiiE^^Copirinf and Reducing Ttigonirmctria] rormulx, flic., Die. 

TheBoilei'-maker^s andiron Ship-builder's Companion, 

comprising a series of original and carefully calculated tables, of the 
utmost utility to persons interested in the iron trades. By James Foden, 
author of ' Medianical Tables,' etc. Second edition revised, viilk illuilra- 
litm, crown 8vo, cloth, 51. 

Jiock Blasting: a Practical Treatise on the means 

employed in Blasting Roclti for Industrial Purposes. By G. G. AndrI^:, 
F.G.S., Assoc Inst. C.E. li'ilA ^6 illHslrolioiis and li fluff 1, iva, clolh, 
101. 6d. 

Painting and Painters' Manual: a Book of Facts 

for Pointeis and those who Use or Deal in Faint Materials. Bj C. L, 
CoNDIT and J. ScHELLER. IlltiitraUd, 8vo, cloth, loj. bd. 

A Treatise on Ropemaking as practised in public and 

privaU Jlffie-yardi, with a Description of the Monufaclnrc, Rules, TabU.*! 
of Weights, etc., adapted to the Trade, Shipping, Mining, RaQivays, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddait 
and Co., Limehouse, and late Master Ropemaker to II.M. Dockyard, 
Deptford. Second eiliiion, lamo, cloth, Jt. 

Laxton's Builders' and Contractors' Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 32 tables, with nearly 30,000 calculation]. 
4to, cloth, 5/. 

Laxton's Builders' and Contractors' Tables. Ex- 
cavator, Earth, Land, Water, and Gas, containing 53 tables, with nearly 
24,000 ealcnUiions. 410, cloth, %i. 
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Barlow's Tables of Squares, Cubes, Square Roots, 

Cube Roatt, Rtcifroeali of all Inttgfr Numbtrt up to io,ocx>. Post 8vo, 
doib, &. 

A Practical Treatise on the Steam Engine, con- 



By 

ARTilVK RjGG, Engineer, Member of the Society or Engineen and of 
the Royal InslilulioD of Gr«at Britain. Demy 410, topiouily il/uilraled 
with woodcuii and ^ plalci, in one Volume, hoir-bound morocco, 2/. K,; 
or cheaper edition, clolh> ^V- 



lentc, an ekmenciry tteallu. « I 
Liiiplct ofFucU " ~ ■ 



.'o ™end"SI™r«iin. wm V^ven 

>u], Vertical, Beam, nimwni, Wbding, Fon 
' lnS,6yllwiiiouemiiM 



n>Ji, Crou-hudi, MoIion-btDcks, E 

SlldeviJvH,.«l Valve-gearing »ili_ __ _. _.. _..._ _ 

inidci upon the Velocii; of Redprooling Paru and the Mode a( Applyipg Iha Indicator. 
Heal and Eipaniion ai Sieun GavEnio», and ihe Uke. It is Ihe writer's daire u dnw 
ttluiirationt from ercry pouibtc Aource. ;iiid gi^ e □nly (hmc ruict tbat presCQl pranice dccnu 

A Practical Treatise on. tlu Science of Land and 

Mngintfring Suratying, LmtlUng, Eitimaling QuantUia, tic, wilh a 

Kneral detcripdon of the several Instruments requited for Surrcying, 
iveltine, Plotting, etc By II, S. Mbkkktt. Fourth edition, revised 
by G. W. UsiLL, Assoc. Mem. lost. C.E. 41 flaUt, wilh illuitraliom 
and labia, royal 8vo, cloth, 111, dd, 

FltlHCtrAL CONTENTS! 

Pan I. InlrodiictioD and ihe Principles of Ceonelry. Pan 1. Land Suneyinc com- 

Klsing General Ohwrvalion*— The Cham— Offjeu Sutveying by (be Chain onlj — Surveying 
iny Gmimd— To Suner an Evute or Pariih by ihe Chain only— Surveying nilh Ihe 
Tbiodalile— Mining and To«a Swreying— Railroad Surveying— Mapping— Dltiiion and 
lAyingouiorLanif-ObMivaiianion EDclotures— Plane Ttisunomclry. Paitj. LeTelllng— 
Simple and Compound Levelling— The Level Book— Parliamentary Plan and SecIioD— 
Leitlliag with ■ Theodolite— GndienU— Wooden Curvo— To Lay oul a Railoay Curve- 
Settbg out Widthi. Pan 4. Calculathig Quaolilia geiwrally for Ettunalti — Cullingt and 
Emhankmenli—Tunneli—Brickinnk—lronwarii— Timber Meaturing. Part 5. DeicripliaB 
and Uieorinitrumenti in Surveying and Plotling— The Improved Dumpy LevcF—TroughtoD't 
Level— The I'tiimalic Compisi — tVopartionaT Compaii — Boi SeitanI— Vernier— Panta- 
Cnph— Xferreli'i Impmied Quadrant— I mproied CompuDtion Scale— The Diagonal Scale— 
Stiaighl Edge and Sector. Pan 6. LogiHthmi of Numben- Logarithmic Sinei and 
Co-Sin*i, Tangenu and Co-Tangenu— N*m>al Sines and Co-Sines— Tablej for Eanhwork, 



Health and Comfort in House Building, or Ventila- 

lioH wilh Warm Ah- ty Sttf-Aeting Suetion Fr.ntr, with Review of the 
mode of CalcuLiting the Draught in Hol-Air Flues, and witli some actual 
Eiperiments. By J. Drvsdalg, M.D., and J. W. Havward, M.D. 
Second edition, with Supplement, vitli plain, demy 8vo, cloth, ^s. 6d. 
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The Assayers Manual: an Abridged Treatise on 

the Docimastic Exuuinslion of Ores and Furnace and other Artificial 
Products. By Bkuno Kebl. Translated by W, T. Brannt. /f!M 6$ 
illiulratiotu, 8vo, dolh, \u. bd. 

Electricity I its Theory, Sources, and Applications. 

By J. T. Spragub, M.S.T.E. Second editiuD, levised and enlarged, vnlh 
u illuttratiom, crown Eva, cloth, 15^. 



The Practice of Hand Turning in Wood, Ivory, Shell, 

Oe,, with Tnitraclions for Turning snch WuHi in Metal as may be teqnired 
in the Practice of Turning in Wood, Ivory, etc ; also an Appendix on 
Omamenlal Turning. (A book for beginners.) By FitANCIS Caupin. 
Third edition, with viood cHgrmdngs, crown 8vo, dolh, fa. 



— Mueriali— Omancaut TuniiiK, eic 

Treatise on Watchwork, Past and Present. By the 

Rev, H. L. Nelthropp, M.A., F.S.A. With -iZ'illimratieni, crown 
8vo, clotb, ^. bd. 

Contents : 

Ddlntiioni of Wardi and Turns ucd in Wutctiworic— Tooli— Time— Kisunical Sum- 
niarv— On Cilculaliaiu tX the Numben for Wheelt ind PiniocE ; their PropDniomi Siio, 
TnuM, lit— Of Di»l Wheels, or Moiioo Work— Unph of Time of Going widwul Windiuj 
up— The Verge— The Horiiontal— The Duplei— The Leroi — The ChninaDiele) — Repeitiiic 
Walebei— Keyleii Walohet— The Pendulum, or Spirai Spring— CDmpcDution-JcveUiiic af 
Pivor Holes— CleilienweU—FaliBciu of the Trade- Inopadly of Worknieii— Hov ta Ctauo» 
■ ndUscaWuch.etc. 

Algebra Self-Taught. By W. P. Higgs, M.A., ■ 

D.Sc, LL.D., Assoc InsL C.K, Author of ' A Handbook of the Dilier- 
ential Calculus,' etc. Second edition, crown 8vo, cloth, 2i. fid. 

Contents : 

Symbol! Hnd the Signi at Opeialioa — The Equation anil the Uulmairn Quaiil&]>~ 
Positive and Negalive QuaBIitiei-MulliplicatiuQ- luTolution— EipoBenls— N«itire Eipo- 
nenti— Rooti. and the Use oCEiponenu u Logaiithni-Liwariifains— Table of I^i^uitlnui 
and Proponionale Farts — Transformation of System of L™arithm! — Common lliei of 
ConunoD L<waTithnu— Compound MulIiplicUion and [he Binomial Tlieorem— D<Ti>aaa, 
Fiacllons. and Ratio— Continued Praportion— The Serin and Ihe Sununatloa of [be Series— 
tinit of Series— Square and Cube Roots— Equatigns-LiK of Farmulae. el«. 

Spans' Dictionary of Engineering, CivU, Mechanical, 

Military, and Naval; with technical terms in French, German, Italian, 
and Spanish, 3100 pp., and nearly 8000 engroviHgt, in enper-rojal Svo, 
in 8 divisions, %l. 8/. Complete in 3 vols., doth, 5/. 5^. Bound in a 
superior manner, half-morocco, top edge gill, 3 vol^, 6/. itt. 
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Notes in Mec/iantcal Engineering. Compiled prin- 
cipally for the iis« of the Students ittetiding tlie Classes on this subject nt 
the City of London College. By Henry Adams, Mem. Inst M.E,, 
Mem. Inst. C.E., Mem. Soc of Engineers. Crown Svo, clotb, 2(. &/. 

Canoe and Boat Building', a complete Manual for 

Amateurs, coiilaining plain and comprehensive directions for the con- 
iliDclion of Canoes, Sowing and Sailing B<Mts, and Hanting Craft. 
By W, P. Stephens. Wilk numtreui il/iulratiam and 24 flaiei of 
Working Dr^jtiings. Crowo 8vo, doth. Is. 6d. 

Proceedings of the National Con/eretice of Electricians, 

FhiladelJ'hhs, October Sth to I3tb, 1884. iSmo, cloth, 3^. 

Dynamo - Electricity, its Generation, Application, 

Transmission, Storage, and Measurement fiy G. B. Prescott. With 
545 illustrationi. Svo, cloth, l/. \s. 

Domestic Electricity for Amateurs. Translated from 

the French of E. IIospitalier, Editor of " L'EIectricieii," by C. J. 
Whabtom, Assoc. Soc TeL Eog. Nimuroui itluslraHom. Demy Svo, 
cloth, 9/. 



if iheEletiric Cumiii— ». Eketrie B«1U— 3, t 
T. — :. duct.— 6. ElMrie I'---— - 
of ttis Electric U^ht— 



rEkphDa<»-~5. Electric Clucks— 6. Electric Llahli 
1. DonnBticAp-'"-"- -'-'- "--^- '■-■-■ - "' 



tiDii — IT. ElectraiypiiuE, PlHtLiiB, run] Gildipc— iv. Electric Kecrcatniu— 11. Vanoui appLi' 
catigm— Workshgp of the Electrician. 

Wrinkles in Electric Lighting. By Vincent Stephen. 

IVUh Uiuslralioiii. iSmo, cloth, u. 6d. 



I. The Eleciiic Curreni ind in proctuctlon by Chemical meain— j. Produciioii of Electric 
CunretitB by Mechanical mcuu— J. Dfiiainii-Electric Machbo— 4. Electric Latnpi— 
J. Leiul-6. Ship LiEhling. 

Tiu Practical Flax Spinner ; being a Description of 

the Growth, Manipulation, and Spinning of Flax uid Tow, By Leslie 
C. Marshall, of Belfast. With illuslraliem. 8to, cloth, i^i. 

Foundations and Foundation Walls for all classes of 

Buildingi^ Pile Driving, Btiildlog Stones and Bricks, Pier and Walt 
'' 1, Mortars, Limes, Cements, Concretes, Stnccos, &c. 64 iUiu- 
'y G. T. PowBu, and F. Baumam. 8vo, elolb, \0i. 6J. 
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The Stability of Ships explained simply, and calculated 

iy a nail Graphic trutkad. By J. C. Sfence, M.I.N.A. 410, sewed, 

Steam Making, or Boiler Practice. By Chables A. 

Smith, C.E. Svo, doth, lor. &/. 

I. Tha KUan of Heal ud the Fropeniis or Sleam — i. Combuuiaii.— 3. EiKnutUv Fired 
Sudonwy Boilcn— 4. loCciuJJy Fired Slaiionaiy BDJlen — ;. latenialjy Find PonaUe 
LoconDODre and UaniK Boilers— «. Oeticn. CoBttruciioD, and SlnoRh cf Boilen— 7. Pn>- 
ponioiu of Heidug Surfuce, Econoinir: EvaponiJon, Eiplguoos— 8. MiKclbmeow Boilers, 
Choia of Boiler Fildn^i aod Apporunujccs. 

The Fireman's Guide ; a Handbook on the Care of 

Boiten. By TSKNouia, foreiiii^n T. I. Stockholm. TransUted from 
the thiid edition, and revised by Karl P. Dahlstrom, M.E. Second 
edition, Fcap. 8vo, cloth, 3r. 

A Treatise on Modem Steam Engines and Boilers, 

including Land Locomotive, and ••---- "--' — --= -n-ti— »__ .l. 
use of Students. By FredsrickC 
With idfUta. 4to, cloth, sy. 

CoHTann: 
" I. InlrsducliOB'-s. Origiiut Epgincn— j. Boileri— 4. Kiih-PrCHore Beam Engins— j. 
G>nuii BeuB EagtBei-^. Hariimital £p|iDeA--7. OicillHtnic Engine*—^ Vertic^ Hifh- 
PnvDTc Enginct— ^. Special Eoginei — 10. PortatJe Engino— 11. LoeomotiTe Eo^DeK — 

Steam Engine Management; a Treatise on the 



Land Surv^itig on the Meridian and Perpendicular 
Sytiem. By William Penman, C.E. Sro, doth, Sf. W. 

The TopograpJier, his Instruments and Methods, 

de^:nea for the use of Students, Amateur Photographers, Surveyora, 
Engineen, and all pe'rsons interested in the location and c — ' — *'— -' 



works based upon Topography. lUititratal laiiA mmurmti piala, maft, 
andmgravingt. By Lewis M. Haupt, A.M. Sto, doth, 18^. 

A Text'Book of Tanning, embracing the Preparation 

of all kinds of Leather. By Hakkv R. Proctob, F.C.S., of Law Lights 
Tanneries. With illutlralioiu. Crown Svo, doth, loi. 6j, 
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I, cloib, price iji. 6J. 



A SUPPLEMENT 



SPONS' DICTIONARY OF ENGINEERING. 

Edited bv ERNEST SPON, Mbiib. Sdc. Ekginxess. 



Ab&cus, Coonten^ Speed 
Indicators, and Slide 
Rule. 

AgTicaltnral Impletnenls 
and Machineiy. 

Air Compteuon. 

Animal Charcoal Ma- 

Antimonj, 

Axles and Axle-boxei; 

Bam Madiineiy. 

BelU and Belting. 

Blasting. B<Mlera. 

Brakes. 

Brick Machineiy. 

Cages for Mine*. 
Calcnliu, Differential and 
Integral. 

Catpentrr. 
Catt Iron. 
Cement, Concrete, 

Limes, and Mottar. 
Chimnejr Shafts. 
Coal Cleanidng and 

Washing. I 



Coal Mining. 
Coal CnttiDg Machines. 
Coke Ovens. Copper. 
Docki. Drainage. 
Dredging Machinery. 
Djnamo • Electric and 
Magneto-Electric Ma- 

Dfnamameters. 

Electrical Engineering, 
Telegiaphj, Electric 
lighting and its prac- 
licaIdetails,Telephone5 

Engines, Varieties ot 

Eiplosires. Fans. 

PouDding, Moulding and 
the practical work of 
the Fonndrjr. 

Gas, MannTactnre of. 

Hammers, Steam and 
other Power. 

Heat. Hoik Power. 

Hydraulics. 

Hfdro-geology. 

Indicators. Iron. 

lifU, Hoists, and Elen- 



Lighthonses, Btwrs, and 



Machine Tools. 
Material* of Constmc* 

Ores, Machiner^r and 
Processes enplojed to 
Dress. 

Pien. 

Pile Driving. 

Pnennuttic Ttansmi*- 

Pyrometers. 

Road LocomoUves. 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

SteeL 

Steam Kawy. 

Stone Machinery. 

Tramways. 

WellSinluDg. 



liondon: E. & F. N. SPON, 125, Strand. 

New York: 13, Cortlandt Street. 
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NOW COMPLETE. 



SPONS' ENCYCLOPAEDIA 

INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 
PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 



Add*, 307 PP- ^^ &e^ 
Alcohol, 13 pp. 16 figt. 
Alcoholic Uquois, 13 pp. 
Alkalies, 89 pp. 78 Bgi. 
AUots. Alam. 

Asphalt. Assaying. 
Bererages, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, IS pp. 
Bleaching, (I pp. 48 figs. 
Candles, 18 pp. 9 jigs. 
Cacbon Bisnlphide. 



Coal-tar Prodiu^ 44 pp. 

14 figs. 
Cocoa, Spp- 
CofTee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Hanu&ctuiet, 63 

pp.57 6et. 
E^ 38 pp. „ „ 
Dyeing and CaLco 

Printing, 38 pp. 9 figs. 
I^estufls, 16 pp. 
Mettro-Metallurgy, 






f loiiTei, 33 pp. 33 figs. 
Featheis. 
Fibroni Snbitanoei, 

pp.79fiBi. 
FlooT-dotli, 16 pp. 21 

FoM PreMmtioi^ 8 pp. 
Finit, 8 pp. 



Fur, s pp. 
Gas, Coal, S pp. 

Glass, 4S pp. 77 figs- 
Graphite, 7 pp. 
Hair, 7 pp- 
Hair MaDufactures. 
Hats, 36 pp. 36 figs. 
Honey, Hops. 



tures,33pp. 17 figs. 
Ink, 17 pp. 

Jute ManuTactnres, i 



PP-. 



II figs 



Knitted Fabrics 
Hodeiy, 15 pp. 13 figs. 

Lace, 13 pp. 9 figs. 

Leather, 38 pp. 31 figa 

Linen Mauiifactures, t6 
pp. 6 figs. 

Manures, 31 pp. 30 figs. 

Matches, 17 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nnts, 10 pp. 

Oils and Fatty Sub- 
stances, 135 pp. 

PauL 

Paper, 36 pp. ai figs. 

Paraffin, 8 pp. figs. 

- ■ 'COT ' "- 



Photography, 13 pp. 30 

Pigments, 9 PP. 6 figs- 
Pottery, 4^ op. 57 Sp. 
Printing and Eof^nng, 

30 pp. Sfig)^ 
Rags. 
Resinona and Giunmy 

Substances, 75 pp. 16 

Rope, iG pp. 17 figs. 
Salt, 3« pp. 33 fig* 
Silk, 8 pp. 
Silk HannTactDies, 9 pp. 



Soap and Gljcome, 39 

pp. 4S figs. 
Spices, 16 pp, 
Spcmge, 5 pp. 
Starch, 9 pp. lO fig*. 
Sogar, 15s PP- "34 

Tannin, 18 pp. 
Tea, 13 pp. 
Timber, 13 pp. 
Vaniish, 15 pp. 
Vinegar, S PP- 
Wui, S PP- 
WooU 3 1^. 

Woollen Mannfactnres, 
58 pp. 39 figs. 



liondon: E. & F. N. SPON, 126, Strand. 

New York : 12, CorUandt Street. 
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Crown Svo, clotli, with illustrations, 51;. 

WORKSHOP RECEIPTS, 

FIRST SERIES. 

By ERNEST SPON. 
Synopsis of Contents. 



FieezLiig. I Paper. 

Fulminates. 1 Paper Hanging. 

Furniture Creams, Oils,' Painting in OiU, in Water 



Polishes, Lacque 
and Pastes. 

Gilding. 

Glass Cutting, Cleaning, 
Frosting, Drilling, 
Darkening, Bending, 
Staining, and Paint- 
ing. 

Glass Making. 

Glues. 

Gold._ 

Graining. 

Gun Cotton. 
Gunpowder. 
Horn Working. 
Indianibber. - 
Japans, Japanning, ant: 
kindred processes. 

Lathing. 
Lubricants. 
Marble Working. 
Matches. 

Mortars. 

Niiro-Glycerine. 

Oils. 



Colours, ai well . 
Fresco, House, TraDB- 
parencj. Sign, and 
Carriage Painting. 
Photo^phy. 



Polishes. 

Pottery— (Clays, Bodies, 
Glues, Colours, Oils, 
Staim, Flaxes, Ena- 
mels, and Lnstres). 



Bookbinding. 

Bronzes and Bronzing. 

Candles. 

Cement 

Cleaning. 

Colourwashing. 

Concretes. 

Dipping Acids. 

Drawing Office Detiuls. 

Drying Oils. 

Dynamite. 

Electro • Metallurgj; — • 

(Cleaning, Dipping, < 

Scratch.brushing, Bat- 1 

teries, Baths, and I 

Deposits of 

description). 
Enamels. 
Engraving on Wood, ', 

Copper, Gold, Silver, '. 

Steel, and Stone. 
Etching and Aqua Tint. 
Firework Making — 1 

(Rockets, Stars, Rains, 

Gerbes, Jets, Tour- 1 

billons, Candles, Fires, 1 

LanceSjLights, Wheels, 1 

Fire-balloons, a " ' 

minor Fireworks). 
Fluxes. 
Foundry Mixtures. 

Besides Receipts relating to the lesser Technolt^cal m ^__.__, 

such as the manufacture and use or Stencil Plates, Blacking, Crayons, Paste, 
Putty, Wax, Site, Alloys, Catgut, Tunbridge Ware, Picture Frame and 
Architectural Mouldings, Compos, Cameos, and others too n 



Silvering. 



Varnishes, Manulkctuie 

and Use of. 
Veneering. 
Washing. 
Waterproofing. 
Welding. 



d processes 



London : E. & F. N. SPON, 126, Strand. 
N«v Tork: 13. CottUatU Btroet. 
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Ciown Sro, doth, 485 pagM, with illiutntioiu, $>- 

WORKSHOP RECEIPTS, 

SECOND SERIES. 

By ROBERT HALDANE. 
Synopsis op Contents, 



Gelatine, GTue, and Size. 

Glycerine. 

GuL 

HTdcogen peroxide. 



Itdiy subititDtes. 



L^a. 



Ltuninooi bodies. 

Magnesia. 

Matches. 

Parcbment. 
Perchloric Mid. 
Polminni oxalate. 
Preserving. 



Actdimetry and Alkali- DisiDfectanls. 

metiy. Dyeing, Staining, and 

Albumen, Colouring. 

Alcohol. Essences. 

Alkaloids. Extracts. 

Baking-powders. 
Bitters. 
Bleaching. 
Boiler Incrustations, 
Cements and Lutet. 
Cleansing, 
Confectionery. 
Copying. 

FigmenM, Faint, and Fainting : embracing the preparation of 
Pigments, including alumina lakes, blacks (animal, bone, Frankibrt, ivory, 
lamp, tight, soot), blues (antimony, Antwerp, cobalt, cxtuleam, Egyptian, 
manganate, Paris, P^lJgot, Prussian, smalt, ultramarine), browns (bistre, 
hinan, sepia, sienna, nmber, Vandyke), greens (baryta, Brighton, Brunswick, 
chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Frusuan, 
sap, Scheele's, Schweinfurth, titanium, verdigris, linc), reds (Brazilwood lake^ 
carminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, coko- 
tbar, Indian red, madder lake, red chalk, red lead, vermilion), whites (alum, 
baryta, Chinese, lead sulphate, white lead — by American, Dutch, French, 
German, Kremnitz, and Pattioson processes, precautions in making, and 
compo^tion of commercial samples — whiting, Wilkinson's white, line while). 



yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; Paiiit 
(vehicles, testing oils, driers, grinding, storing, applying, priming, drying, 
filling, coats, brashes, surface, watercolours, removing smell, discoloration ; 



miscellaneous paints— cement paint for cart on-pi erre, copper paint, gold paint 
iron paint, lime paints, silicated painis, steatite paint, transparent paints, 
tuogilen paints, window paint, zinc paints) ; Pmnting (general instructions, 
proportions of ingredients, measuring paint work ; carriage painting — priming 
paint, best putty, finishine coloor, cause of cracking, mixing the paints, oils, 
driers, and colours, varnishing, importance of washing vehicles, re-vamishing, 
how to dry paint ; woodwork painting). 



London: E. & F. N. 8P0N, 136, Strand. 

Vaw Tork : IS, Coi-tlandt Btreet. 
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JUSX PrTBILiISIIEID. 

Crown 8to, cloth, 480 piges, with i S3 illustntioiis, $t. 

WORKSHOP RECEIPTS. 

THIRD SERIES. 
By c. g. warnford lock. 

Uniform with the 7irat and Second Sorieo. 





Synopsis of Costbnts. 




AU<^ 


Indium. 


RnlHdiiim. 


Alominium. 


Iridium. 




Antimonj. 


IroQ and Steel. 


Selenium. 


Barium. 


Lacquers and Lacquering. 


SUver. 


Beryllinm. 




Sl.fi. 


Bismntli. 


Lead. 


Sodium. 


Cidminm. 


Lithium. 


SttoQtiiun. 


Cxsiam. 


Lubricants. 


Tantalum. 


Calciom. 


Magnesium. 


Terbium. 


Cerium. 


Maneanesa 


Thallium. 


Chromium. 


Mercury. 


Thorium. 


CobalL 


Mica. 


Tin. 


Copper. 


Molybdenum. 


Titanium. 




Nickel. 


Tanesten. 


Electrics. 


Niobium. 


Uranium. 


Eoameli and GUitf. 


Osmium. 


Vanadium. 


Erhiiun. 


Palladium. 


Yttrium. 


Gallium. 


Flatiaum. 


Zinc. 


Glass. 






Gold. 


Rhodinm. 





London : E. & F. N. 9F0N, 126, Strand. 

Kew Tork : 13, Cortlandt Street. 
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WORKSHOP RECEIPTS, 

FOURTH SERIES, 

DSVOTBD MAIKLY TO HANDICRAFTS S HKHANICAL SUBJECTS. 

By c. g. warnford lock. 



Wateiproofiog — rubber goods, cuprammosinm processes, miscellaneous 

preparations. 
Packing and Storing articles of delicate odour or colour, of a deliquescent 

character, liable to igniliou, apt to suEEer from insects or damp, or easily 

Embalming and Preserving anatomical specimens. 

Leather Polish es. 

Cooling Air and Water, producing low temperatures, makine ice, cooling 

Sfrups and solutions, aod separating salts from liquors by rwigeration. 
PumpB and Siphoaa. embracing every useful contriTance for raising and 

supplying water on a moderate scale, and moving corrosive, tenacious, 

and other liquids. 
Deaiccatine — air- and water-ovens, and other appliances for dtTing natural 

and irtindal products. 
Distilling — water, tinctures, extracts, pharmaceutical preparations, essences, 

perfumes, and alcoholic liquids. 
Emulsi^ng as required by pharmacists and photographer*. 
Evaporating — saline and other solutions, and liquids demanding special 



Filtering — water, and solutions of various kinds. 

Percolating and Macerating. 

Electrotyping. 

SteMOtyping by both plaster and paper processes. 

Bookbinding in all its details. 

Straw Plaiting and the fabrication of baskets, matting, etc. 

Musical Inatniments — the preservation, ttming, and repair of pianos, 
harmoniums, musical boxes, etc 

Clock and Watch Mending— adapted for intelligent amateurs. 

Photography — recent devdopmect in rapid processes, handy apparalui, 
numerous recipes for sensitizing and developing solutions, and applica- 
tions to modem illustrative purposes. 

London : E. & F. N. SFON. 136, Strand. 

ir«T York : 13, Cortlandt Stnet. 
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In demy 8ro, cloth, 600 pages, and 1420 Illustrations, 6s, 

SPONS' 
MECHANICS' OWN BOOK; 

A MANUAL FOR HANDICRAFTSMEN AND AMATEURS. 



Contents. 
Mechanical Drawing — Casting and Foundii^ in Iron, Brass, Bronie, 
and other Alloys— Forging and Finishing Iron — Sheetmetal Working 
— Soldering, Brazing, and Burning— Carpentry and Joinery, embracing 
descriptions of some 400 Woods, over 200 Illustrations of Tools and 
their uses, Explanations (with Diagrams) of 116 joints and hinges, and 
Details of Construction of Workshop appliances, rough furniture. 
Garden and Yard Erections, and House Building^Cabinet-Making 
and Veneering — Carving and Fretcutting— Upholsteiy — Painting, 
Graining, and Marbling — Staining Furniture, Woods, Floors, and 
Fittings— Gilding, dead and bright, on various grounds — Polishing 
Marble, Metals, and Wood — Varnishing — Mechanical movements, 
illustrating contrivances for transmitting motion— Turning in Wood 
and Metals— Masonry, embracing Stonework, Brickwork, Terracotta, 
and Concrete— Roofing with Thatch, Tiles, Slates, Felt, Zinc, 8k. — 
Glazing with and without putty, and lead glazing — Plastering and 
Whitewashing— Paper-hanging— Gas-fitting— Bell-hanging, ordinary 
and electric Systems — Lighting — Warming — Ventilating — Roads, 
Pavements, and Bridges— Hedges, Ditches, and Drains— Water 
Supply and Sanitation —Hints on House Construction suited to new 
countries. 

London: E. & F. N. SPON, 126, Strand. 

New Tork : 1S> Cortlnndt Street. 
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